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FINAL COMPLETION OF THE BUFFALO, N. Y., BREAK: 
WATER EXTENSION TO STONY PUINT.* 

That portion of the Buffalo, N. Y., breakwater 
known as the extension to Stony Point was finally 
completed on Sept. 24, 1903. At 11 a. m. on that 
date the last stone in the rubble mound or ston2 
breakwater section was laid in the presence of 
Col. Theo. A. Bingham, Corps of Engineers, 
U. S. A., the engineer officer now in charge of the 
district, who has lately succeeded Col. Thos. W. 
Symons; Assistant Engineers Messrs. J. C. Quin- 


Commercial Wrought-Iron and Steel Pipe. Franklin Riffle, M. Am. Soc. C. E.. 286 


The New York Rapid Transit Railway.—XXIII.—Contract Section IX.-a; Land 


progress Report of the Commission on Additional Water Supply for New York 

A Pneumatic Tool for Drilling Plug Holes in Splitting Stone (illustrated)..... 301 
The Correct Design and ag ped of High Masonry Dams (illustrated). 


Wisner, M. Am. Soc. C. E..... 301 


Geo. Y. Wrought-Iron Pipe: 


water was placed. This breakwater was com- 
pleted on October 13, 1893, nearly a quarter of a 
century being employed in its construction. 

That part of the breakwater known as the ex- 
tension to Stony Point was designed by Col. T. W. 
Symons, and the contract for the same was let 
late in January, 1897, to the firm of Hughes Bros. 
& Bangs, of Syracuse, N. Y., their bid being 
$1,765,450.63. 


Work on the extension was begun on May 19, 
1897, seven working seasons being required for 
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TWO SYSTEMS OF USING ACETYLENE GAS FOR CAR 
LIGHTING 

At the annual meeting of the International 
Acetylene Association in Chicago, papers were 
presented on the use of acetylene gas for lighting 
railway cars, and an abstract of one of these pa- 
pers, by Mr. E. G. Fisher, is given below. In an 
other paper, on “Difficulties Encountered in Car 
Lighting by Acetylene Gas,” by Mr. McDonald 
Elliott, of Santa Rosa, Cal., there were outlined a 
number of the practical requirements to be met 


ve 
to 
it- 
at, 
o- 
he 
ar 
he 
in 
he 
St. 
wo 
its 
An 

& 

re, 
nd 
ite 
wn 
an Junction of South Harbor Breakwater and Stone Breakwater. ° 
ied 

at 

S 2 tus and Emile Low, Ms. Am. Soc. C. E.; L. T.. 
on 4 ; Davis, Chief Inspector, and Superintendents A. C. 
yn- : Eldridge and Patrick O’Brien of the firm of 

- Hughes Bros. & Bangs, the contractors who have 

2 bu.lt the work. 

. ; As the Buffalo breakwater lays claim to being 
ce as the longest breakwater system in the world, some 
wi 4 few facts relative to this harbor work may be 
ok _ civen here. The system consists of five separate 
‘he q breakwaters, as follows: 
ily 4 Lengths, feet. 
les Norte timber cribs and conerete super- 
he q Old breakwater, timber cribs and concrete super- 

Stone breakwater, with ‘gravel heading. 
South Harbor breakwater, timber cribs and concrete 
ind : Stony Point breakwater, ‘timber’ cribs “ana super- 
ng a Length = 4.28 miles = 22,604 


4 The original construction dates from June 7, 
1869, at wiich date the first crib of the old break- 


the construction. The cost of the extension in 


round numbers is given below: 


Stony Point breakwater............ 


ee $1,727,600 


To this must be added $195,000, the cost of the 
concrete superstructure on a part of the South 
Harbor breakwater, which replaced the timber 
superstructure damaged by a severe gale in 1900. 


This latter work was done by the Buffalo 


Dredging Co., of Buffalo, N. Y. 


*Several articles describing this breakwater system have 
appeared in the columns of Engineering News; the !n- 
terested reader is referred to the following: ‘‘The New 
Stone Breakwater at Buffalo, N. Y.,’’ by Emile Low, 
U. S. Asst. Engr., in the May 16, 1901, es “The 
Concrete Breakwater Construction at Buffalo, N } Y., ” by 
Major T. W. Symons, Corps of Engineers, U. 2 rH in 
the May 29, 1902, number; ‘“The Materials for the Con- 
crete of the Buffalo Breakwater,” by Emile Low, U. 8S. 
Asst. Engr., in the September 11, 1902, number; ‘‘The 
Accident to the Buffalo Breakwater,” in the March 19, 
1903, number. 


Completed Stone Breakwater. 
THE NEW STONE BREAKWATER AT BUFFALO, N. Y. (EXTENSION TO STONY POINT) COMPLETED SEPT. 24. 1903. 


Major Thos. W. Symons and Col. Theo. A. Bingham, Corps of Engineers, U. S. A., Engineers; 
Messrs. J. C. Quintus and Emile Low, Members Am. Soc. C.E., U. S. Assistant Engineers; Hughes Brothers & Bangs, Contractors. 


by a successful car lighting system. These are 
claimed to be met by a system designed by Mr. 
Elliott, in conjunction with Mr. G. L. Wilson. cf 
Chicago, but this has not yet been put in actual 
service. Some of the more important features of 
the Elliott & Wilson system are summarized as 
follows: 


1. There is no calcium carbide in the car, ana 
all recharging with water and carbide is done 
from the outside, the recharging being done wy 
unskilled labor. 

2. The operation is automatic, gas being gener- 
ated only when required. 

3. The plant will run 30 days on one charge of 
water and 250 lbs. of carbide, this large charge 
reducing the attendance required. The floor space 
occupied is very small. 

4. The pressure never exceeds 0.30-in. of water, 
as high pressures destroy burners and waste gas, 
while regulating devices are liable to fail. 

5. The apparatus is all under lock, so that it 
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cannot be meddled with by employees or pas- 
sengers. 

6. The train crew is not required to do more 
than light and extinguish the lamps. 

7. In case the car is overturned the apparatus 
becomes inoperative, but it will not be affected by 
minor accidents. 

Compressed Acetylene for Lighting Railway Cars and 
Stations. 
By E. G. Fisher.* 
Ever since the discovery of acetylene, it has been a 


problem to find some safe and economical means of ren- 
dering it portable. An endeavor was first made to com- 
press it at high pressure, or even to liquify it, but this 
had to be abandoned on account of the danger from ex- 
plosion. In 1896, Messrs. Claude and Hess, two French 
engineers, conceived the idea of utilizing some liquid as a 
solvent of acetylene, and after many experiments discov- 


ered that acetone (a limpid mobile liquid, with an agree- 


lene gas, under a normal pressure of 240 Ibs., or sufficient 
to supply two 0.5-ft. burners for 78 hrs., continuous 
burning. 

The tanks used by the Pintsch Gas Co. in lighting cars 
have a capacity of 22 cu. ft., and at 10 atmospheres will 
hold 220 cu. ft., of Pintsch gas. With the same size tank, 
and under the same pressure, with the use of acetone and 
asbestos, on the Commercial Acetylene Co.’s system, 2,200 
cu. ft. of acetylene gas can be stored. We go further, and 
charge the tank at 240 Ibs. pressure or 16 atmospheres, 
which enables us to put 3,500 cu. ft. of acetylene into 22 
cu. ft. of space, that has already been filled with asbestos 
and the asbestos saturated with acetone. 

We have equipped a 70-ft. chair car on the Atchison, To- 
peka & Santa Fe Ry., and on Oct. 25, 1902, it started on 
its initial trip to Denver. In this car we used eight 
2-flame lamps in the body of the car, besides six other 
lights in the vestibule and closets, giving more than 
double the candle power furnished by 32 burners of 
Pintsch gas in the body of the same size car. This car, 
up to May 25, 1903, had been in continuous service for 


PLACING THE LAST STONE OF THE BUFFALO BREAKWATER. 


able odor and burning taste, produced by the destructive 
distillation of acetates, and procured on a large scale from 
the aqueous liquid obtained in the dry distillation of wood) 
has the property of absorbing many times its volume of 
acetylene gas. This property varies greatly with the 
pressure and temperature under which tne acetylene is 
applied; the acetone will agafn release the gas ab- 
sorbed under pressure, when the pressure is removed. 
Acetylene dissolved in acetone is inexplosive, as has been 


_ shown by Messrs. Berthelot and Vieille, French chemists. 


It is an inert liquid, so that if an explosion be inten- 
tionally produced in the compressed gas outside or above 
the solution, the solution would not be affected thereby. 
Thus, if a red-hot wire were inserted into a tank con- 
taining acetylene dissolved in acetone, under a pressure of 
“240 Ibs. per eq. in., the small quantity of gas that ex- 
ists above the liquid would explode, but the liquid would 
not be influenced in the least. This was a long stride 
in the direction of safely transporting acetylene, but ab- 
solute safety is demanded in a gas-lighting system, espe- 
cially for transportation, and it was Edward Fouche, an- 
other Frenchman, who conceived the idea of packing the 
gas cylinders with an absorbent or porous material, there- 
by filling the entire air spa e, except, of course, the small 
cells in the porous brick or asbestos; then introducing 
sufficient acetone into the tank to moisten the cell walls 
of the porous brick or asbestos. This has been proved to 
make an absolutely safe structure for storing and trans- 
porting acetylene in small or large quantities. 

In our work of lighting cars and yachts, we have our 
eylinders packed with asbestos disks, filling them com- 
pletely before the heads of the cylinders are sealed. When 
ready to charge with gas, we first saturate the asbestos 
with about 40% of the tank’s cubic capacity with acetone. 
One of the small tanks, 6x 30 ins., equipped for actual 
service, has a capacity of a little less than % cu. ft. It 
will hold 3% gallons of acetone, 40% of which is about 14% 
gallons. This cylinder now contains 78 cu. ft. of acety- 


*Commercial Acetylene Co., Chicago. 


seven months, traveling between £0,000 and 90,000 miles, 
making 140 all-night runs, during a season of the longest 
nights of the year, with but three charges of gas, as fol- 
lows: Oct. 25, Jan. 5, and March 10. Each charge of 
gas was about 3,000 cu. ft., averaging 70 days’ time at a 
total cost of $65 for gas for the seven months—less than 
half the cost of Pintsch gas, and furnishing more than 
double the candle-power. 


One of our tanks 20 ins. x 10 ft., holding 3,500 cu. ft. of 
acetylene, contains as many cubic feet of gas as 16 Pintsch 
tanks, but as we consume only 1 ft. of acetylene to 3 ft. 
of Pintsch gas, the burning hours of 3,500 cu. ft. of acety- 
lene are equal to 10,500 cu. ft. of Pintsch gas. In other 
words, one tank under our system is equal in gas storage 
to 50 tanks of same size filled with Pintsch gas. Accord- 
ing to recent tests made by Mr. J. W. Morehead, gas and 
electric engineer, of Chicago, and Mr. F. W. Thomas, En- 
gineer of Tests of the A., T. & S. F. Ry., the relative 
candle-power of the two gases is nearly 1 to 7, 8.6 ¢. p. 
per cu. ft. of Pintsch gas, as against 56 c. p. of acetylene. 
Therefore, we find that 3,500 cu. ft. of acetylene gives a 
total of 196,000 c. p., as against 90,300 c. p. for 10,500 cu. 
ft. of Pintsch gas. The Pintsch gas is sold to railway 
companies at $5.09 per 1,000 cu. ft., which would be $53.44 
for the 10,500 cu. ft. Acetylene gas can be manufactured 
at $8.00 per 1,000, giving $28 for the 3,500 cu. ft. 

About 1% of the quantity of acetone used passes out with 
the gas. As 1 Ib. of acetone will produce a larger volume 
of vapor than 6 lbs. of carbide and the acetone vapor 
must mix with the gas to be carried away, and as the 
burners will only consume a certain quantity per hour, we 
gain an increased burner-hour for a given amount of 
acetylene. Furthermore, acetone (being of the alcohol 
family) prevents the carbonizing of the acetylene at the 
burners. 

The generating and compressing plant necessary for the 
operation of this system is very simple and inexpensive. 
Any good acetylene generator and gas compressor of prop- 
er capacity can be utilized. The entire plant (exclusive 


of building) suitable for lighting shops and charging 
for cars, and for transporting over a railway system 
be furnished complete from $1,500 to $8,000, accord’r< 
capacity. It requires but two men to operate su. 
plant. 

STATION LIGHTING.—This system is very econor 
for lighting railway stations, shops, signals lights. to 
etc. The generating plant being located near the <) 
the shops can be lighted in the ordinary way, using 
ordinary gas holder, and the tanks can be charged 
transported along the line to stations and other build 
for lighting. In this way, a railway company can n 
facture acetylene for use in every department. th 
gaining the best light known, at less than half what : 
pay for gas and electric lighting companies in the } 
towns along the road. 

At Morris, Ill., we equipped the railway station fo 
Chicago, Rock Island & Pacific Ry. with our system 
station having been piped for city gas, it was only 1. 
sary to place one of our 20-in., 10-ft. tanks, with ree 
ing valves and pressure gege attached, in one end o! 
baggage room, connect it with the station piping 
change the burners on the fixtures. This station | 
lights, and the average monthly gas bill for city ga 
nished by the city gas company has been for th 
year, $26.50. Our tank holding about 3,000 cu. ft. o: 
and costing about $25 for the gas, was placed in thi 
tion on April 28 last, furnishing a 50% better ligh: 
three months (up to July 28), thereby making a say): 
66%. In other words we furnished acetylene light 
three months for less than they have paid the loca! 
company for one month for a poorer light. 

YACHT AND OTHER MARINE LIGHTING —We | 
equipped many boats, of different kinds and sizes: 
of them were equipped with electric lighting plants 
have since discarded the electric plant. The great fea 
in vessel lighting by this system, as in car lighting 
simplicity and safety and economy; it has no work 
parts to get out of order, and can store a large quant 
of gas in small space. 

This system can also be used on automobiles, carria: 
and anywhere a good light is required, either static 
or portable. 

In conclusion, the following points may be present! 
regarding the safety of this storage system: 

1. It has been approved and licensed for city use by 1) 
City of Paris, after extensive tests by Mr. Vieille, the « 
gineer having charge of explosives. 2. It has been a; 
proved by the Government of Great Britain, and the =: 
retary of State has officially found that our tank: 
safe. 3. It has been approved by the Board of Engine: 
of the Underwriters’ Laboratories at Chicago, acting u 
der the National Board of Fire Underwriters, which | 


ue 


directed that rules be prepared for this system on ca’- 
and sbips. 4. It has been approved by the United Stare 
Lloyds; by La Paternelle, one of the largest insurance 
companies of Paris; by the Municipal Explosives Commis 
sion of the City of New York, and by the U. S. Treasury 
Department. 
The committee on Science and Arts of the Franklin |: 

stitute has awarded the inventor the John Scott Lega) 
Medal. 


STREAM TIN WAS DISCOVERED IN ALASKA last 
year, and now it is reported that great ledges of tin or 
have been found at Cape York on Bering Sea. Numerou- 
individual placer miners are reported to have made sma 
fortunes during the past summer; two men, for example. 
having taken 22 tons of stream tin from claims along ove 
of the creeks in the Cape York region, using the crudest 
hand methods. Hydraulic machinery will be taken in‘o 
the district next, season, when the extent and value of the 
tin deposits will be ascertained. 
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INTAKE TUNNEL FOR THE CHAMPION MILL, AT 
PAINESDALE, MICH.* 
By F. W. O’Neil, Jun. Am. Soc. M. E.7 

The two things of primary importance to a stamp m'!! 
in the Lake Superior district are the unlimited supp’) 
of water and of room for the waste sands. Each stam: 
head treating approximately 500 tons of rock per 4) 
will make, at 20 cu. ft. to the ton, 10,000 cu. ft. of sand 
per day, or 3,000,000 cu. ft. per year. The amount 0! 
water required varies considerably, according to the pra 
tice at various mills, but up to a short time ago (th: 
quantity required was approximately 5,000,000 gallons f 
each stamp per day of 24 hours. Hence, in determinins 
the site for the Champion mill in the spring of 1901 
was taken for granted that it should be located on ¢! 
shore of Lake Superior. No location on Portage Lak 
could be secured where the waste sands would not so 
encroach on the harbor lines. Hence the mill was 
cated on. the shore of Lake Superior in Section 25, Rane 
55 N., 36 W., since the topography and geology at t! 
place made it most desirable for a stamp-mill site. 1): 
country rock is of sandstone dipping westward into ‘|! 
lake at an angle of 4°, the strata are from a few inche- 
to several feet thick with occasional soft seams. 1): 


*Abstract of a paper prepared for the annual! meetire 
of the Lake Superior Mining Inytitute, August, 1903. aA 
Engineer, Champion Copper Co., Pa‘nesdale, Mich. 

ich. 


\ \ 
\ 
\ 
\ \ 
\ 
\ 
\ \ 
\ | 
\ 
| 
§ 
1 


October I, 1903. 


ENGINEERING NEWS. 


283 


hore of the lake is a sandstone bluff from 12 to 30 ft. 
sigh. and the nearest harbor is at the Portage Lake ship 
anal, 11% miles away. The survey showed the lake 
nettom to be of sandstone sloping quite uniformly,’ so 
‘hat at 1,000 ft. from the shore the depth of the water is 
22 ft. 

The problem of how to get the water out of Lake Su- 
nerjor into the mill was a new and rather difficult one. 
he Atlantic and Baltic mills, at the time the only mills 
»erating on Lake Superior, were taking their water from 
6 Salmon Trout River by gravity from the steel dam 
Redridge.* Owing to the thick, heavy ice cake that 
yyms along the shore of Lake Superior in the winter, a 
imple trench extending from the pumping plant to the 
‘ake shore similar to that employed in some of the mills 

Portage Lake was out of the question. Hence the 
roblem resolved itself into the necessity of installing 
me device for an intake which would tap the lake at a 
ificient distance from the shore to be out of danger 
vom ice and sand. It was thought, also, that the intake 
sould be so designed as to make it easy to remove sand 
' m it should conditions in the future demand it. 
rhree general methods suggested themselves, of which 

first was an intake pipe. This would have to be 

i in a trench excavated in the lake bottom far enough 

+ into the lake to get into 12 ft. or more of water, so 
-< to be out of danger from crushing by ice. The re- 

inger of the pipe to be laid in the lake bottom and 
fastened thereto by means of chains and concrete piers, 
od finally at its outer end enter an intake crib of either 
‘he submerged or exposed type fastened to the lake 
ottom. This type of construction was afterwards adopt- 
ed at the Tri-Mountain Mill. The second method was a 
ombined tunnel and pipe. In this case the tunnel would 
take the place of the trench above mentioned, being driven 
under the lake bottom and piercing it in sufficient depth 
of water to protect the pipe (which would be connected 
‘o it) from ice. The pipe would then follow the lake 
bottom, as before, as far as the crib. This construction 
was used at the Duluth water-works, where the pipe was 
« ins. diameter, and the crib was of the submerged type 
in 56 ft. of water.7 


the 
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of a tunnel as compared to a pipe. Our tunnel is 514 x 
6% ft., and therefore has the same cross-sectional area 
as an S81-in. pipe, but such a pipe is entirely too large to 
lay successfully. Hence the tunnel! would fulfil our needs 
for practically all time, whereas a 4)-in. pipe might have 
to be duplicated in a few years. (3) A tunnel inclined 
downwards toward the shore end in the direction of flow 
of the water in it, having to be driven in this way so 
as to handle the water during construction. Hence should 
sand get into the tunnel, it would tend to move along 
with the water, making it easier to adopt means of de- 
positing the sand in a suitable sump at the shore end, 
from which it could easily be removed with a sand pump. 
The possibility of sand entering the intake was fully 
considered. The waste sand from four stamps would 
amount to about 12,000,000 cu. ft. a year. If we assume 
the sand to be distributed a mile along the coast, it 
would take a trifle over four years for the lake to fill with 
sand to a distance of 1,000 ft. from the shore, the sand 
having an average depth of 10 ft. Investigation showed, 
however, that such figures mean very little on account 
of the tremendous action of waves in distributing sand 
laterally along the shore. At the Atlantic Mill the sands 
have been distributed by means of wave action several 
miles. Here also one storm has been known to tear away 
75 ft. of the shore line. The Atlantic Mill is in a bay 
facing north, while the Champion Mill is on the exposed 
shore line facing west. As the prevailing storms come 
from the west or northwest, it would be expected that 
wave action on the sands would be much more violent 
in our case. It is to be regretted that no concise data 
are obtainable at this time on this interesting subject. 
For the foregoing reasons it was determined to sink a 
shaft communicating with the sump in the pump house, 
and from it drive a tunnel under the lake bottom for 
1,020 ft., then to make connections with the lake bottom 
by means of a submerged crib. The principal reasons for 
using a submerged crib were: (1) Its lower cost as com- 
pared to an exposed crib; (2) To avoid the danger from 
battering by waves and ice to which any exposed intake 
crib would be subjected. There will probably be less 
danger also from needle and anchor ice. It is not the 
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The third method was to run a tunnel from a shaft 
sunk on the shore out under the lake to a submerged 
crib. After careful consideration and investigation of 
all the methods, this seemed to be the best and was 
adopted. The principal argument against the driving of 
a tunnel was that in the sandstone bottom of the lake 
there are occasional cracks showing, some in line with 
the course of the tunnel and others intersecting it at an 
angle of about 45°. These fissures vary in width up to 
5 ins. It was predicted that if the tunnel should inter- 
cept one of these fissures, it would be necessary to put in 
an air lock and complete the work under pneumatic pres- 
sure. This method has been used in the construction of 
a good many tunnels and has nearly always resulted in 
loss of life. due either to accident, or as the result of a 
peculiar disease which sometimes attacks men who have 
worked under air pressure. 

In constructing the pump house it was necessary to ex- 
cavate into the country rock to a depth of from 10 to 12 
ft. over an area of 50 x 75 ft. When the earth was 
tripped away from the surface of the rock, the rock 
surface was seen to be more or less fissured the same as 
n the lake bottom. On examination it was found, how- 
ever, that these fissures never attained a depth of over 
} ft., as they were never continuous through more than 
ne stratum in the sandstone. The principal advantages 
{ the tunnel therefore seemed to be the following: (1) 
rhe cost: Provided the tunnel could be driven without 
‘he use of air locks, our estimates showed that it would 
be much cheaper to drive a tunnel 5% x 6% ft. rather 
‘han to lay a 40-in, pipe, (2) The necessarily large size 


“Engineering News, Aug. 15, 1901. 
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purpose of this paper to enter into a discussion of frazil, 
or needle ice, and anchor ice, as much has been written 
on this subject. But since the two are often confused, 
a statement of the general properties of each may not 
be out of place. Frazil, or needle ice, consists of small 
needles, or flakes, of ice formed when the water is below 
the freezing point, but in too great commotion, due to 
wave action or currents, to allow the needles or crystals 
to form solid ice. It is never formed under solid ice. 
Comparatively weak currents attract it, and once drawn 
to an intake grating, it clogs up the openings by forming 
more or less solid ice, This clogging effect is greater the 
smaller the mesh of the intake screen and the nearer it is 
to the surface. True anchor ice is ice formed on sub- 
merged bodies due to the radiation of heat from them 
through the water into the air. Unlike needle ice, it may 
be formed under surface ice when the surface ice is thin 
and clear. It is not formed when the sun is shining. It 
forms most readily on dark metallic surfaces, and never 
forms in conduits of brick or stone, another advantage 
of a tunnel over a pipe. Neither needle or anchor ice 
form at a depth of 40 ft. or more. Trouble with these 
forms of ice, particularly the needle variety, has been 
the cause of the unsuccessful operation of many intakes 
on the Great Lakes. 

Investigations have shown, however, that when the 
velocitv of the water entering intake ports does not ex- 
ceed 0.5 ft. per second, no trouble is to be feared from 
this source. Hence the intake crib was so designed that 
this velocity was not exceeded. A coarse mesh screen 
was used so that the needle ice could not easily form 
across the openings, but allow its passage through to the 
tunnel. Once in the tunnel it would probably melt before 
reaching the pump. 


The work was started in November, 1901, and completed 
November, 1002. The tunnel proper was started the 
midd'te of Janvary and completed the following August 
the rest of the time being used by the sinking of a shaft 
and the construction of the intake 

The shaft on the shore from which the tunnel {fs driven 


is connected with the sump, or pump well, A, in the pump 
house by a channel passing beneath an arched opening. 
B, in the pump-house wall. This sump is 158 ft. 9 ins 
wide and 8S ft. deep below the water level, the sides and 
bottom concreted to a depth of 12 to 15 ins. Two screens, 
C C, serve to keep out fore'gn substances and fish from 
the pump. There gates are movable, sliding on cast-iron 
guides secured to the side of the sump. These guides 
are so constructed that one of the screens can be removed 
and a wooden bulkhead inserted in its place so that the 
sump may be cleaned out. The shaft is S x 14 ft., and 
is 65 ft. deep below the water level, and SO ft. beneath 
the collar. In passing it should be mentioned that the 
tunnel, D, was driven below the water level a distance of 
2S ft. at right angles to the sump. This was done so 
that if it became necessary in the future to build another 
pump house, due to increased milling operations, conne: 

tion could be made with no trouble to the sump. To in- 
sure this, the mouth of the tunnel, I), is so arranged that 


a wooden gate, or bulkhead, can be placed over it to ex- 
clude the water. 
In sinking, a South African or Kimberly skip was used 


having a capacity of about two tons Many seams were 
met between the successive layers of sandstone which 
carried a good deal of water. Most of this water, however, 
came from the land side of the shaft This is readily 
accounted for by the dip of the strata. This water was, 
however, all successfully handled by pumps. At the 
bottom of the shaft the sump, E, was sunk. This served 


a double purpose of a catchbasin for water during con 


/4' 


x 


Shaft, 8 


OR. 
struction, and it is also anticipated that it will catch any 
sand which may find its way into the tunnel in the future. 
The entire work of sinking and drifting was done on the 
company’s account until the tunnel had been driven 162 
ft., when the men wished to go on contract. This request 
was granted and a rate of $4.50 per lin. ft. was estab- 
lished. After the tunnel had been driven 6 ft., the 
contract price was raised to $5 per ft. The miners made 
from $2.71 to $4.92 per day, according to their efficiency. 
The rate of drifting per month varied from 116 ft. to 177 
ft. There were three shifts of miners, two on each shift. 
Two trammers were employed until the tunnel had been 
driven 600 ft., after which four were employed. The 
trammers received $2.15 a day. Considerable trouble was 
experienced in obtaining men. This is shown by the 
fact that although only six miners were employed at a 
time, yet 74 different miners were employed during the 
work. 

Considerable water was encountered in the tunnel, 
though not as much as was anticipated, the flow at no 
time exceeding 200 gallons per minute. Since the tunnel 
was driven on an upgrade of 0.5%, and the strata dipped 
downward at an angle of 4°, we regularly broke through 
to successively higher strata on the hanging. Nearly all 
of the water came from the joints between the strata. 
Very little timber was used in the tunnel; occasionally a 
cedar post. The real difficulties of the construction began 
to present themselves wher the tunnel was completed 
and the connection to the lake bottom was attempted. At 
the end of the tunnel there was left 20 ft. of rock between 
the top of the tunnel and the lake bottom. It was con- 
sidered safe to make a raise 8 ft. high, thus leaving 12 
ft. of rock tc be removed by operations from the lake. 
In order to have a low velocity of approach to the intake 
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orifice it was planned that this intake should be 9 ft. In 
diameter. The raise was therefore made 10 ft. in diame- 
ter and che rock trimmed off until it was as round and 
true as pos-ible. Two of thecre raises were made and al- 
though one intake was sufficient for the contemplated 
mill, it was thought that our conditions in the future 
might demand another opening in the tunnel, and hence 
all underground wo:ik had to be done at this time. 

After the .alse was completed up to F, a hole was 
drilled in the center of it straight through to the lake. 
After drilling 3 ft., the drillings showed sand and gravel. 
This was rather surprising, since the bottom of the lake 
had shown only clear sandstone. Subsequent deveop- 
meuts showed that the lake bottom was composed of a 
layer of sandstone about 1 ft, in thickness, covered with 
boulders, underneath which was a bed of young conglom- 
erate about 8 ft. thick. This conglomerate was made up 
of pebbles, some several inches in diameter bound to- 
gether with sand and carbonate of ime. It was not very 
stiong, but entirely too compact to be handled by an 
orange-peel dredge. 

After the drill hole was through to the lake bottom, a 
drill was pushed up through this hole and then the hole 
plugged with wood. This drill projected several feet 
above the lake bottom and served as a guide for the 
diver in locating the raise. We were now ready for 
operations from the lake. The tunnel was cleaned out 
tho:oughly and tracks taken out and all the timber work, 
piping, pumps, etc., in the shaft removed and the tunnel 
allowed to fill with water. A clam-shell dredge was first 
employed which removed all the boulders fiom the lake 
bottom. These boulders vary in size, some of them 
weighing over two tons. The dredge also removed the 
foot of sandstone after the same had been loosened by 
chaiges of aynamite placed by the diver. 

The most difficult part of the operation was sinking 
down thiough. the conglomerate. As betore mentioned, 
an orange-peel dredge had little or no effect on it, but 
a few chaiges of dynamite made it a sand bank, and it 
looked as though we should have to remove an enormous 
quantity of it in order to get to the rock surface. Dreag- 
ing was kept up until ap area of 40 ft. in diameter had 
been removed, having a depth over the raise of 5 ft. A 
steel ring 16 ft. in diameter by 5 ft. high, made of \4-in. 
boiler piate, was then lowered over the driil. This was 
lowe:ied by the diedge, and before being let down, two 
stiuts of wood were placed in it, intersecting at right 
angies. These served to keep it in shape and also ae- 
te.mined the center of the ring so that the diver had no 
thouthe in cente:ing it over the up-raise by means of the 
projecting drill, 

‘This ring was finally worked down to the rock by the 
following method.’ A pump was set up on the dredge 
and waver at high pressu:e sent down to the diver, who 
was inside the ring. He loosened the broken conglomer- 
ate unaer the eage of the ring and heaped it up iw the 
cenier from which it was removed by the dredge. Oc- 
casiouaily the o,ange-peel bucket was opened wive and 
diopped th.iough the water, on to the euge of the ring, 
thus lorcing it down. ‘Lhe posit.on of this ring was al- 
ways shown by four buoys which wee attached to cords 
of equal leugib fasiened it. 

D.eugi.g imsiae of tbis 1t-ft. ring in 25 ft. of water 
with mo.e or less sea running was no easy task. Owing 
to the lateness of the season and the many storms, the 
diecge and diver could only work about two days a 
week. It must be remembered that since the nearest 
harbor was 11% miles away, over three hours’ trip for the 
diedge outfit, Urey did not dare to venture out in ques- 
tionable weather Finally the ring was resting on the 
sandstoue and all the broken congiomerate removed from 
inside ot it. 

Then to remove the 3 ft. or 4 ft. of solid sandstone a 
charge of eight sticks of dynamite was laid on the rock. 
Exploding this made no impiession on the rock, but burst 
the steel ring and scattered the plates of which it was 
composed all over the lake bottom. Nearly all the rivets 
weie sheared off on all the seams. The seams were lap- 
joint and riveted with a single row of \%-in. rivets, hav- 
ing about 4-in, pitch. The broken conglomerate was next 
scraped away from over the center of the raise and a 
charge of 110 sticks of dynamite exploded on the rock. 

This did not remove over 6 ins. of the sandstone, and 
we decided therefore that we should have to adopt a 
slower metiod of drilling holes in the rock for the dyna- 
mite charges. We next worked down another steel ring 
as before and started to drill through the sandstone. This 
drilling was done from 4 large raft which had on it a gin- 
pole about 25 ft. high. A 2%-in. pipe was let down on 
the rock surface and secured to the raft. This pipe 
served to guide the drill and also keep the few inches of 
broken conglomerate which lay on the surface of the 
sandstone from filling up the hole after it was drilled. A 
1-in. hole was bored in the side of this pipe about 18 ins. 
above its lower end, through which the sludge from 
drilling worked out. The drill was jumped up and down 
by means of a tackle fastened to the gin-pole on the 
raft. In this way we could drill from 2 ft. to 3 ft. an 
hour. We were now much surprised to find only 16 ins. 
of rock where we expected to find 3 ft. Investigation 
showed that the reason for this was that the charges 
of dynamite laid on the lake bottom had broken from the 
top of the raise. 


As this sandstone was so thin a quicker method than 
drilling was adopted. A piece of 4-in. shafting about 20 
ft. long was fastened to the dredge rope in the place of 
the bucket. This was allowed to drop vertically about 
20 ft. through the air and the remaining distance through 
the water. The second blow broke the sandstone floor 
and we had very little difficulty in removing all of the 
sandstone in tnis way. Finally the edges of the hole were 
trimmed up by drilling and very light charges of powder. 
All this rock, of course, fell into the sump, G, sunk to 
receive it. 


We next made a cylindrical wooden stave crib 16 ft. 
high and 9 ft. in diameter. It was planned to sink this 
crib in an upright position centrally over the hole in 
the lake bottom and then to surround it with concrece. 
The crib contained a ballast floor and was also provided 
with a tapered king stave. This ballast floor was so ar- 
ranged ar to collapse when pulled out, from the top, and 
by having the dredge pull out the king stave, the whole 
would collapse and leave a concrete tube, or crib, con- 
necting the tunnel to the lake bottom. On a fair day, 
therefore, this crib was towed out and sunk into posi- 
tion by loading rock on the ballast floor, It was then 
chained into correct position to the steel ring and we 
started to fill the space between the crib and the ring 
with concrete. This concrete was made by mixing the 
gravel dredged from the lake bottom with cement. It was 
then placed in burlap bags and passed down to the diver 
on a guided line, the diver distributing and packing it 
thoroughly around the crib. 


in this way about 3 ft. of concrete was packed around 
the ring, when a heavy sea came up forcing us to sus- 
pend operations. It was the diver's opinion, however, 
that the crib would be secure against any ordinary storm. 
The rtolsowing morning a Very high sea was running and 
the beach was covered with pieces of the intake crib. 
The writer is of the opinion, however, that this crib was 
not torn from its place by wave action, but by failure 
of the iron hoops on the crib, due to the swelling of the 
wood. Instructions had been given to the men to thor- 
oughly wet this crib every day that it stood on shore be- 
fore it was used, but the work had not been thoroughly 
done. 


A steel crib 9 ft. in diameter, made of %-in. boiler 
plate, securely riveted and reinforced by three rings of 
angle iron, was at once made. It was planned to leave 
this steel crib in permanently and it was the:efore made 
13 ft. hign, which would bring the top of it about 4 ft. 
above the lake bottom’ and 18 ft. from the surface. It 
was thought that a 4-ft. elevation above the bottom of the 
lake would be sufficient to keep boulders from rolling 
into it. This crib, as in the case of the wooden one, was 
chained to the outer steel ring and then entirely sur- 
rounded with concrete, the concrete extending out over 
the edge of the outside ring and up the slope of the pit 
dug in the lake bottom. When the conciete was within 
4 ft. of the top of the crib, a cast-iron ring was lowered 
over it, so that the top of this ring came flush with the 
top of the crib. This ring carried 12 anchor bolts 1% 
ins. diameter, with large washers at their lower end, so 
that it could be securely anchored to the concrete. Then 
the concrete was brought up to the bottom of this ring 
and thus sloped all around down to the original bottom. 


ing is 45 sq. ft. Hence the velocity is 14-ft. per 
By putting in the second intake crib enough w, 
be obtained to supply eight stamps, 29,400... 
for which the tunnel was designed. In this 
velocity in the tunnel would be 1.3 ft. per secon. 
is low. It is the writer’s opinion that the velocity 
the crib grating could be considerably increased 
giving rise to any trouble. 

The cost of this work will be of interest. Th: 
the shaft and tunnel was as follows: Labor, $10 4 
plies, $4,956; total, $15,405. This includes al] ¢ 
done on the auxiliary tunnel and the connection 
shaft to the pump-house sump. All the work dor: 
end of the tunnel, after it was compleied, in mak 
sumps, raises, etc., was charged to the intake. 1) 
was as follows: Labor, $3,769; supplies, $3,204; 
$3,920; total, $10,983. The average cost per foot . 
nel was $11.71. The cost of the shaft per foot was « 
this including the pumps, piping, timber work, sk 
The average daily wage for the tunnel and shaft w: 
$2.58, while the average daily wage for the work 
crib was $3.23, including the diver, and $2.38 ; 
cluding the diver. In conclusion we have been 
water through this tunnel since last November, ani 
had no difficulty whatever, the ice last winter giy 
trouble, and we have so far spent nothing on its 
tenance. 


A LOCOMOTIVE BOILER WITH WATER-TUBE FIREROX. 

A noteworthy innovation in locomotive pb 
has been worked out by Mr. J. Brotan, an A 
trian engineer, and has been given an extend. 
trial on the state railway lines of Austria wih 
practical success, it is stated. The essential i ©, 
of the Brotan design is to replace the ordiniry 
firebox of flat sheets staybolted together, by an 
aggregation of water tubes forming the furnice 
walls. It will be admitted, of course, that the jo- 
comotive firebox as now built is by far the wiak- 
est and most troublesome part of the boiler, anj 
that the replacement of its flat surfaces by water 
tubes will be of great advantage as far as cvn- 
cerns the surfaces exposed to the fire. The d fii- 
culty in any water-tube arrangement is the co 
struction of the details, as is evidenced by th> 
course of development through which the station- 
ary water-tube boiler has passed. A recent arti- 
cle by the inventor of the new locomotive boiler in 
the “Zeitschrift des Oesterr Ing. u. Arch. Verei is,” 
giving full details of the construction, enables us 
to describe the boiler with due reference to ths: 
important features. We may remark here that 
while the new design dea!s primarily with the 
firebox, certain important alterations. are necessi- 
tated in the des'gn of the remaining portions of 
the boiler. 

Briefly stated, the Brotan locomotive boiler con- 
sists of a cylindrical barrel containing fire tub:s 
through its full area, a firebox whose walls are 
composed of vertically-placed water tubes bent 
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A. With firebox shell removed. 


B. With firebox shell in place. 


Fig. 1. Views of Brotan Locomotive Boiler. 


In all about 200 yds. of concrete were used around the 
crib. 

The sump, G, was then thoroughly cleaned out by 
means of the orange-peel dredge. In doing this work the 
dredge was working in 55 ft. of water and working 
through a 9-ft. opening, which was rather a difficult 
operation. Next a grate composed of 1%-in. square bars 
6 ins. apart, held together by bars, %4 x 1% ins., spaced 
12 ins. apart, laid at right angles to the first, 
was securely fastened to the iron ring. This serves only 
to keep out sunken logs, etc., any small foreign substances 
being kept out by means of the screens in the pump- 
house sump. The detail of the cast-iron ring is such that 
should conditions in the future demand it, it would serve 
as a seat for a large wooden valve which could be placed 
over the intake and the entire tunnel pumped dry. 

We are now using in our mill, 3,675,000 gallons of water 
per day for each of the four stamps, or a total of 14,700,- 
000 gallons. The free area through the intake crib grat- 


into the form of an inverted U, and a steam drum 
extending longitudinally over barrel and firebox. 
The firebox wall tubes, which we may call box 
tubes, terminate below in a small long:tudina! 
mud drum on each side of the ash-pit; at th» 
highest point of each tube a comnection exten. 
up to the rear portion of the steam drum. Th» 
barrel of the boiler communicates with the stea 
drum by a number of short uptakes. Connecti: 
is also made between the bottom of the bar: 

and the two mud drums. Complete circulati 
is thus provided for: water from the bottom of t! 
barrel flows down to the two mud drums, thence: 
up through the box tubes where steam is Pp! 

duced; the steam passes mm the box tubes 

intothe steam drum, Steam generated in the bar’ 

passes directly into the steam drum through ¢: 
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-otakes. The mean water level is about at the 
_jjdle of the steam drum, so that the entire bar- 
| and its fire tubes, as well as the box tubes and 
.eir nipple connections to the steam drum, are 
-pmerged. The firebox proper (composed wholly 

» water tubes except that a small portion of both 
the front and the rear wall is of fire-brick) is en- 
ced by a steel-plate shell which protects the box 

-pes from the outside air. The shell does not 

rm the wall of the fireplace, however, as the 
-\ints between the box tubes are sealed by copper 
ctrips. Only the inner half of each box-tube is, 
-yerefore, exposed to the direct heat of the fire. 
he shell extends down to form the ash-pit and 
180 carries the grate, which latter is at a level 
» little above the mud drums. 

In general form the boiler is quite similar to th» 
ordinary locomotive boiler, and it can be fitted to 
replace any existing boiler without altering the 
rest of the engine. The external 
appearance of the boiler is shown 
by the two views in Fig. 1; the 
view A shows the boiler with fire- 
box shell removed, while view B 
shows the complete boiler with 
this shell in place. 

DETAIL CONSTRUCTION.— 
The barrel of the boiler is cyl- 
indrical and of ordinary construc- 
tion, except that its cross-section 
is completely filled with fire tubes 
instead of leaving a vacant space 
at the top, such as is necessary 
to form the steam-space in the 
common form of boiler. The tube 
plates are of soft steel, %4-in. 
thick, and flanged to rivet to the 
boiler shell. Three uptakes, which 
are saddle-shaped steel castings, 
are seated on the shell to carry 
the steam drum, this being of 
smaller diameter than the barrel. At the forward 
end of this drum is the steam dome, from where 
the steam pipe leads out throughthe forward head 
of the drum and into the smokebox. The latter is 
elliptical in section, i. e., it projects above the 
boiler shell, so that the pipe connections do not 
blank any of the fire tubes. The exhaust nozzle 
is placed in the smokebox in the usual manner. 
The steam and exhaust pipes are not shown in the 
drawing of the boiler, Fig. 2, but their arrange- 
ment will be evident. 

The water tubes forming the walls of the firebox 
are seamless steel tubes, about 3% ins. in diam- 
eter and about 3-16-in. metal. Each tube is b nt 
into a U-shaped element, whose bent portion has 
the same radius as the boiler shell, while the ver- 
tical legs extend down the proper distance to con- 
nect to the mud drums. The width between the 
vertical portions of the tubes depends on the de- 
sired width of firebox. The simplest arrangement 
is to make this width equal to the diameter of the 
boiler shell, but a narrower firebox is easily ar- 
ranged for; Fig. 3 shows the shape of the individ- 


Fig. 3. Two Forms of Firebox Element. 


ual tubes or elements in the two cases. At the 
top of each element is a nipple projecting upward 
for connecting the element to the steam drum 
Since the elements are set close together in as- 
sembling to form the firebox, these nipples require 
° be staggered, alternating to opposite sides of 
‘he center line. This is indicated in Fig. 3, which 
“hows the nipples set about 314 ins. to one side of 
‘he middle point of the element. 

The firebox consists simply of a row of such ele- 


ments, one behind the other; the forward element 
is placed directly against the rear tube-plate of 
the barrel, just outside the outer ring of fire tubes, 
while the rear end of the firebox is closed by a 
series of successively smaller elements of similar 
shape, nested one within the other. These latter 
leave a circular fire-door opening, opposite the cen- 
ter of the barrel, and below the fire-door an open 
space between the legs of the smallest element. 
This latter opening is bricked up with fire-brick, 
leaving a circular fire-hole which is lined with an 
iron ring for attaching the door. In assemb‘ing 
the firebox, the joint between adjacent tubes is 
made tight by a copper strip 1-16-in. thick, as 
shown in Fig. 4; this strip may be calked after 
the assembled firebox is properly strapped and 
stayed. 

The rear half of the steam drum, that portion of 
it which extends over the firebox, is somewhat less 


in such a way that they may be removed for in- 
specting the outside of the box tubes. The bottom 
sections of the side walls of the shell are rein- 
forced for attachment to the locomotive frame. 
Along the lower edge of the front wall of the shell 
extends an angle-iron edging; on this is built the 
fire-brick wall which forms the front of the firebox 
below the barrel. A similar angle at the lower 
edge of the rear head of the shell carries the brick 
portion of the rear wall of the firebox, below the 
firedoor and between the legs of the innermost 
tube element. These angles also form the sup- 
port for the grate bars (see Fig. 2), and give at- 
tachment to four hangers, one at each corner of 
the firebox, by which the mud drum is suspended. 

CONNECTIONS.—The connection of the box 
tubes to the steam drum is made, as already ex- 
plained, by a flanged nipple at the top of each ele- 
ment bolting to the lower face of the steam drum. 
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FIG. 2. SECTIONAL DRAWINGS OF BROTAN LOCOMOTIVE BOILER. 


in diameter than the forward portion (as will be 
seen in Fig. 2), in order to allow space below it for 
the connections of the box tubes. This part of the 
steam drum, moreover, has a flat bottom, formed 
of a steel casting, in order to simplify the con- 
nections. In the top of the drum are several 
hand-hole openings which give access to the box- 
tube connections for cleaning. The water-glass is 
attached to the rear head of the drum, and a baf- 
fle-plate fixed within the drum shields this con- 
nection from any splashing which may be caused 
by the steam rising up from the box tubes. 

The mud drum at the bottom of the firebox is of 
cast steel. It is circular in cross-section, about 8 
ins. in diameter, and extends along the bottom of 
each side wall of the firebox as well as the tube 
portion of the rear wall. It is preferably made in 
two L-shaped portions, one on each side of the 
firebox, joined under the fire-door by a section of 
pipe fitted with a T-flange for a blow-off connec- 
tion. Thus the mud drum as a whole is horseshoe 
shaped in plan; to stiffen it in a lateral d rection 
the two legs of the horseshoe are tied together, at 
the forward end, by an iron tie-bar. The upper 
surface of the mud drum is provided with rein- 
forced openings to receive the bottom ends of the 
box tubes (see Fig. 5), and opposite each of these 
openings is a hand-hole in the lower side of the 
drum. 


The enclosing shell of the firebox, made of steel 
plate, follows the outline of the firebox pruper, but 
is everywhere 2 to 3 ins. distant from the box- 
tubes. At the forward end its front wall, %-in. 
thick, is fastened to the barrel of the boiler by riv- 
eting to an angle-iron ring on the barrel (Fig. 2). 
The rear wall, also of %-in. plate, is bolted to the 
fire-door ring. The side and top secticns, which 
may be of thinner (4% to 5-16-in.) metal, are joined 
to the rear portion of the steam drum by a short 
vertical gusset on each side, enclosing the nipples 
which connect the box tubes to the steam drum. 
The upper portions of the shell are bolted together 


These nipples, in the first boiler that was bu'lt, 
are welded to the tubes, the flange being riveted 
and brazed to the nipple. An advantageous varia- 
tion of the connection, also described by the in- 
ventor, is to make each box-tube in two inde- 
pendent halves, the top end of eachhalf being bent 
upward and expanded into the steam drum like an 
ordinary fire-tube; in this case, of course, the flat 
bottom of the steam drum is not used, but the 
drum is a simple riveted shell. The arrangement 
last described also permits of placing the connec- 
tions for the tubes composing the rear wal of the 
firebox wholly within the latter. 

As actually constructed, the connection of the 
rear end tubes is less simple. Fig. 5 shows the 
construction. The end wall tubes have nipples 
projecting upward and rearward, and bolted by a 


Fig. 4. Copper Calking Strip Between Firebox Tubes. 


flange to the (perforated) rear wall of the enclos- 
ing shell. On the outside of the shell are bent 
copper connection tubes, which are bolted to the 
shell in register with these nipples and pass thence 
upward to a flange connection on the lower face 
of the steam drum. A small section of the rear 
shell wall, containing the nipple connections, fs 
made removable for more convenient access to the 
nipples. 

The lower ends of the box tubes are fixed into 
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the mud drum by expanding and beading. On ac- 
count of the close spacing of the tubes the end of 
each is first drawn down to a smaller diameter, 
as shown in Fig. 6. To protect these connections 
from accumulations of ashes, flanged copper 
sleeves are fitted closely around the tubes at the 
joints resting on the mud drum and extending up 
to the level of the grate. 

The front end of the mud drum communicates 
with the barrel of the boiler by two large copper 
or steel pipe connections (shown in Fig. 2), one 
at the forward end of each leg of the horseshoe- 
shaped mud drum. An alternative detail for this 
water connection is to continue the mud drum 
across the front of the horseshoe, carrying a num- 
ber of smaller (3 to 4-in.) tubes from the top of 
this part of the mud drum upward to the boiler 
shell (Fig. 7). This latter arrangement is prefer- 
able when the general design of the locomotive 
does not give room for the large elbow connec- 
tions shown in Fig. 2. 

The method of fastening the elements of the 
firebox together may be understood by reference 
to Fig. 5. At about the level of the center of the 


ed in the firebox, as indicated by dotted lines in 
Fig. 2. This arch is carried by brackets attached 
to the front wall of the enclosing shell and at its 
forward end connects with the brick wall which 
forms the front of the firebox under the barrel of 
the boiler. 

A locomotive fitted with this type of boiler was 
put into service on the Austrian State Railways in 
1901, and used successively in switching, helping, 
and freight-hauling service. The results are sild 
to have been excellent, and a number of other en- 
gines were ordered to be fitted with this boiler. 
The principal features of advantage which the 
Brotan boiler presents in comparison with the or- 
dinary locomotive boiler, are the absence of stay 
bolted flat surfaces, greater heating surface with 
thinner firebox walls, less liability to damage in 
the firebox and greater ease of repair when dam- 
aged, better circulation, the ability to carry high- 
er pressure with equal safety, and, as is said to 
have been shown by comparative results in ac- 
tual use, greater steaming power and decreased 
fuel consumption as compared with the same en- 
gine having the usual type of boiler. From a ta- 
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FIG. 5. DETAILS OF REAR END OF FIREBOX AND MUD DRUM. 


fire-door each box-tube carries a small clip or lug 
A, brazed to the tube, by which adjacent tubes are 
bolted together; the front and rear ones of these 
lugs are also bolted to the fire-door ring and to th2 
front wall of the enclosing shell, respectively. 
Above this row of lugs are one or more straps of 
flat iron, B in Fig. 5, which are fastened to the 
fire-door ring and the front wall of the firebox 
shell, Other similar straps C, located below the 
belt of lugs, fasten to the inner element of the 
rear firebox wall instead of the fire-door ring. 

To support the firebox, as already noted, four 
hangers are provided, one at each corner, which 
fasten the mud drum to the angle-iron edging of 
the enclosing shell. The shell being supported on 
the engine frame and the box tubes on the mud 
drum, the whole firebox structure is thus sup- 
ported. In the first boiler built, these hangers 
were not fastened directly to the enclosing shell; 
but bore each on a helical spring resting on the 
angle-door of the shell. This was intended to pro- 
vide an elastic support for the structure, but as 
the box tubes have a rigid connection at the top 
to the rear extension of the steam drum, it is 
thought that the springs are not necessary. It 
may be mentioned that a brick fire arch is provid- 


ble of dimensions of a locomotive weighing 45 
tons (without tender but with full boiler) the Bro- 
tan boiler and firebox appears to weigh about 5% 
more than the ordinary boiler and firebox; how- 
ever, it is able to carry 160 Ibs. against 130 Ibs. in 
the old boiler. The cost of the new boiler is sald 
to be less than that of the old type. 


COMMERCIAL WROUGHT IRON AND STEEL PIPE.* 


By Franklin Riffle, M. Am. Soc. C, E.+ 

The development of the wrought-pipe industry forms 
one of the great industrial achievements of the nineteenth 
century. It had its beginning about 100 years ago, when 
the introduction of illuminating gas in England created a 
demand for pipe which was promptly met by the manu- 
facture of gun barrels. The close of the long wars be- 
tween England and France left on the hands of manufac- 
turers large stocks of this commodity. These were con- 
verted into gas pipes by threading the large ends on the 
inside, and the small ends on the outside. They were 
easily connected by screwing the small end of one tube 
into the large end of another. 

The gas pipes of 100 years ago were lap welded by hand 


*A paper read before the eleventh annual meeting of the 
tManager Iron an pe artmen’ uD: 
& Hayden Co., San Francisco, Cal. 


over a bar or mandrel. The process was slow and 
borious. The several steps were as follows: 
1. Preparing a strip of iron of th 
Pp € required width, th 
2. Scarfing the longitudinal edges. 
3. Heating to the proper temperature for bending. 


4. Bending or rounding over a mandrel u scarf 
ntil the scarf; 
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Fig. 6. Connection of Box-Tubes to Mud Drum 


5. Heating in a forge, a few inches at a time, to a we! 
ing temperature. 


6. Silpping over a bar, and then hammering the | 
ping edges until welded. These last two operations | 
to be repeated many times before the tube was complet»! 

The first decided advance in the manufacture of gas p'; 
was made in 1825, when James Russell, a manufacture; 
gas tubes and gun barrels, discovered that a satisfacto: 
weld could be made by butting and squeezing together ¢) 
edges of a properly rounded and heated strip of iron 
This was accomplished by means of a pair of semi-circular 
dies, slightly smaller in circumference than the width of 
the metal. As in the lap-weld process, the butt-welded 
tube was made by alternately heating and welding a few 
inches at a time. 

Coincident with the invention of the butt-weld process of 
making pipe, Mr. Russell introduced the screw socket or 
coupling. This was an important step in the evolution 
of wrought pipe, since it permitted the sections to be made 
of uniform diameter from end to end. 

John Russell’s method of butt-welding pipe was short- 
lived. It was soon supplanted by an improved process 
which consisted of drawing the prepared strip of metal, 
properly: heated, through a circular die, thus welding the 
entire tube at one operation. This is the method of man- 
ufacturing butt-welded pipe at the present day, although, 
of coyrse, many economic improvements have been made 
since its introduction 75 years ago. 

The butt-weld process involves the following operations: 

1. Clipping the corners of one end of a strip of metal, 
previously rolled to the required dimensions. 

2. Heating to a welding temperature in the welding fur- 

nace. 
3. Seizing the clipped end and drawing from the fur- 
nace with a pair of tongs, over which the operator throws 
a die or ‘‘bell’ which drops into the bell holder; then 
connecting the handle of the tongs by means of a ‘hook’ 
of special design, to a link of a moving chain which draws 
the strip through the ‘‘bell,”’ thus welding it into pipe. — 

4. Delivering to a moving table, on which the pipe 
partially cools. 

5. Feeding into sizing rolls, which shape and size to 
the required diameter. 

6. Passing through straightening rolls. : 

7. Delivering to a slow-motion shifting rack and cooling. 

8. Cutting off the ragged ends and threading. 

9. Screwing on couplings. 

10. Testing by hydrostatic pressure. 

With the development of steam engineering during the 
second quarter of the nineteenth century, came a demand 


Fig. 7. Alternative Water Connection at Front of 
Mud Drum, 


for pipe of greater strength than the butt-welded pipe of 
that period. As the hand method of lapwelding was slow 
and expensive, the feasibility of*making lap-welded pip* 
by machinery naturally occupied the attention of the more 
progressive pipe manufacturers. After a long period of 
experimenting, Messrs, Russell had the satisfaction of put- 
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o tion in 1835, the process of lap- 

somewhat modified and much 

coved) is used by the pipe mills of the present day. 
ss operations are briefly as follows: 

Reveling the edges of a strip of metal of the re- 


red dimensions. 
to the bending furnace. 

3. Pe from the furnace at a red heat through a 
and over a mandrel. thus rounding the metal and over 
br the edges. (For pipes of large diameters it is 
ae to use bending rolls, similar to those used in 
‘er shops ) 

r o the welding furnace. 
Pee <4 Pcs the furnace by means of a long rod, 

‘ned the “push bar,” into the welding rolls. These 


ak te pipe is drawn over the mandrel the 
Bg Meicloat precrure on the laps to weld them. 
-} pipe as fast as welded is quickly disengaged by with- 
a from the mandrel. 

. awing thing operations are the same as in the butt-weld 


process. 
rhe great essential in the manufacture of welded pipe is 
properly decigned welding furnace, in which the skelp 
om be brought tu a uniform welding temperature through- 
out its entire length. Next in importance is the personal 
sotor, It 1s one man’s business to see that the skelp is 
heated precisely te the preper point before it is taken from 
the furnace. If the temperature is below this point an 
imperfect weld results, and if over heated the metal is 
burned or hardened. It is another man’s duty to inspect 
the pipe the moment it leaves the rolls, and to decide 
instantly and correctly whether the weld is perfect or 
otherwise. If imperfect the pipe is returned to the weld- 
ing furnace, and is again passed through the welding 
rolls. These sre responsible positions, and men who can 
fll them satisfactorily need not be out of employment. 

Welded pipe is made as small as ¥%-in, inside diameter, 
and as large as 30-in. outside diameter. There is but one 
mill in the United States prepared to make the latter size. 
This mill (which is now arranging to rebuild its entire 
plant at a cost of $10,000.000) contemplates making pipe 
of 36 ins, outside diameter as soon as the necessary 

nt can be installed. 
coe thickness of metal used in making lap- 
welded pipe is determined by the capacity of the tube to 
resist collapse when heated to the welding temperature. 
Standard casing and boiler tubes are close, if not quite, 
to the minimum thicknes-:, 

LAP-WELDING VS. BUTT-WELDING. 

For many years the butt-weld process of making pipe 
was confined to the very small sizes, 1% ins. being the 
maximvm. During recent years, however, the process 
has been extended to include larger sizes. At the pres- 
ent time it is the common practice among the pipe mills 
of the United States to make 3-in. pipe, and all smaller 
sizes by the butt-weld process, and larger sizes by the 
lap-weld process. This statement applies only to stand- 
ard pipe, since the lighter classes of tubular goods can be 
made only by lap-welding. The strength of a butt-weld 
is dependent la*gely upon the thickness of the metal, and 
it would seem that the thicknesses adopted. for standard 
pipe are very close to the minimum thicknesses that can 
be relied upon to give good results. 

While it may be possible to make butt-weld pipe larger 
than 3 ins. in diameter the cost would greatly exceed that 
of pipe made by the lap-weld process, and therefore manu- 
facturers have fixed upon 3-in, pipe as the maximum butt- 
weld size, purely for economic reasons, The writer re- 
cently visited a mill where 3-in, standard pipe was being 
made by both processes, and was informed by the super- 
intendent that there is no arpreciable difference in the 
relative cost of manufacture for this particular size. 

The question is sometimes asked, ‘‘In what respect, if 
any, is lap-welded pipe superior to butt-welded pipe?” 
Manufacturers of exclusively butt-weld sizes of pipe assert 
that butt-welded pipe stands the mill hydrostatic test as 
successfully as lap-welded pipe, which is perhaps true. 
The severer test of actual use, however, under varied con- 
ditions has established beyond a question the superiority 
of lap-welded pipe. Butt-welded pipe may give equally 
good service when the conditions attending its use are not 
unusual, but it should not be used for important pipe 
lines, if for no other reason than for its tendency to open 
at the weld when subjected to the excessive torsional or 
bending stresses which cannot be wholly eliminated in the 
work of laying, especially where tight joints are an im- 
portant consideration. Therefore, because of its relia- 
bility for work of this character, manufacturers use only 
the lap-welded process in making line pipe. 


PIPE JOINTS, 
With reference to the manner of joining the lengths or 
sections, wrought pipe may be classified as follows: 


1. Screw Joint Pipe, having threaded ends, which 
usually screw into connecting sockets, 

2. Flange Joint Pipe, having flanges fastened to the 
ccas by one of four general methods, viz: (a) shrunk on, 


then quntes ana expanded; (b) screwed; (c) riveted; (d) 


welded, 


With reference to weight, or thickness of shell, screw- 
‘nt pipe may be divided into four classes of standards: 


Snereetng standard pipe, line pipe, drive pipe, and 


Extra strong pipe. 
Double extra strong 
4. Casing, pipe, 


Taking the weight or thickness of Class 1 as a standard 
of comparison and representing it by 1, then extra strong 
pipe is approximately 1 4-10, double extra strong pipe 
28-10, and standard casing 6-10. Or if standard casing is 
represented by 1, standard pipe is approximately 1 2-3, 
extra strong pipe 21-3 and double extra strong pipe, 4 2-3. 
In other words, standard pipe is nearly twice the thickness 
of ‘standard casing, and about 1-3 the thickness of double 
extra strong pipe, of the same diameter. Classes 1, 2 and 
3 have the same outside diameter. 

The standard pipe of commerce, commonly known as 
merchant pipe, is of lighter weight than standard weight 
or full-weight pipe. Manufacturers specify that the latier 
may have a permissible variation of 5% above or 5% below 
the nominal or table weights. Merchant pipe, however, 
such as manufacturers and jobbers carry in stock, is 
almost invariably under the nominal weight. The actual 
weight varies somewhat among the different mills, but 
usually lies between the limits of 5% and 10% below the 
table weight. Line pipe, drive pipe, and tubing are full 
weight, subject to the ‘“‘permissible variation’’ of the man- 
ufacturer. The same is true of extra strong and double 
extra strong pipe. 

Drive pipe is used chiefly in oil wells, and fs designed to 
stand heavy driving. The ends therefore are turned in a 
lathe, in order that they may meet at the centers of the 
couplings to form a continuous column, which can be 
driven without damage to the threads. 

As tubing !s used in wells for pump barrels it is both 
plugged and reamed to ensure a smooth interior. 

The smaller sizes of double extra strong pipe are made 
by driving one piece of extra strong pipe inside of another. 
The larger sizes, however, are made in the usual way. 

Standard casing Is the lightest screw joint pipe that can 
be made. Casing which is made heavier than the stand- 
ard is termed “‘special’’ casing. The increased thickness 
reduces the interior diameter. Thus the outside diameter 
of 5-in. standard casing is 5.25 ins., and the inside diam- 
eter Is 4.95 ins. The nominal weight is 8.20 Ibs. per ft. 
Three ‘“‘special”” weights of this size are made, wetghing 
respectively 9.86. 12.80 and 15.88 Ibs. per ft. The cor- 
responding inside diameters are 4.87, 4.75, and 445 tns., 
the outside diameter remaining unchanged. This ar- 
rangement permits the use of standard casing couplings 
and fittings for all the special weights of casing having the 
same nominai diameter. 

Oil-well casing differs from irrigation casing in having 
longer and heavier couplings. It fs also subjected at the 
mill to more rigid Inspection. as well as to a higher hv- 
drostatic test. Casing Is sometimes made to order with 
inserted joints, by exnanding and threading the inside of 
ore end, and the outside of the other end. 

“Flush joint casing” is also used on rare orcasions — 
Thie foint Is made bv removing with a lathe half the 
thickness of the shell from the outside of the n'ne at one 
end. and from the tncide at the other end. and then cutting 
male and female threads on the respective ends. 


PIPE THREADS. 


Pine threads are designated by the number of threads 
per tnch. 

There are 22 sizes of standard nine hetween \%-in. and 12 
ins., inclusive. As the nitch of the standard vine thread 
is annrox'mately the same as its denth. and as pines of 
different diameters varv in thickness of shell. it fs ap- 
parent that the same number of thread< per inch cannot 
well be ured for all sizes of pine However. onlv five 
different pitches are used for the 22 sizes, and 21 thick- 
necsces of standard nine. 

Taking 4-in. standard nine as an illustration. the stand- 
ard thread has a nitch of K-tn, (8 threade rer inch) and fs 
1.8 Ins. long. It consists of 8 perfect V-threads. then 2 
threads that are perfect at the bottom, and slightly flat- 
tened on the top. and finally 4 imperfect threads. the last 
of which is but little more than a scratch. This is often 
referred to as a vanishing thread. 

Casing threads are considerably finer than standard pipe 
threads, 4-in. casing, for example, having 14 threads per 
inch. 

The standard pipe thread has a taper of %-in. per ft. 
Drive pipe threads are practically straight. The threads 
on line pine, tubing and casings have a taper of %-in. per 
ft., and the counling threads are corresnondingly tapered 
from each end of the coupling to its center. The threads 
of standard and drive pipe couplings are straight. 

Couplings for oil country tubular goods (drive pipe, line 
pipe. tubing and casing) and hydraulic p'pe (extra and 
double extra strong) are recessed at the ends. 

When the pipes are properly screwed together, the re- 
cessed ends of the couplings extend beyond the threads, 
and fit snugly to the pipes, thus preventing any bending 


* stresses from reaching the threads. By means of the 


taper threads on both the pipe and the coupling, a perfect 
contact is secured for every thread. These two features 
(the protective sleeve and taper threads) combine to form 
a joint of maximum strength and tightness. 

In threading pipes and couplings the mills work closely 
to the standards for the several classes and diameters. 
Excepting the smaller sizes of merchant pipe it is cus- 
tomary among the best mills to screw a thread protector 
on the exposed thread of each length of pipe, e«pecially 
for long-distance transportation. Quite a variety of 


thread protectors are in use, some made of light hoop 


iron, corrugated to fit the threads, and some of band iron: 
but for transportation across the continent to the Pacific 
Coast only the heavy, half-coupling protector has proven 
satisfactory. 

The fact cannot be emphasized too strongly that ap- 
proximately perfect threads are a prime essential for mak- 
ing absolutely tight joints in a pipe line Many leaky 
Screw joints are due to a disregard of this fact. In cut- 
ting threads in the fleld, and even in pipe-fitting shops, 
mill standards are too often ignored. In some cases the 
perfect threads are quite imperfect, while in other cases 
Some are entirely lacking. Threads of this character are 
very liable to make troublesome joints. 

On the other hand, Mr. R. T. Crane, of The Crane Co., 
Chicago, holds that pipe threads may be quite badly dam- 
aged without seriously impairing their efficiency. He has 
published the following experiment: 


An S8-in. coupling and a piece of 8-in. pipe were take 
and throughout the entire lergth of ry ala of the 
thread in the coupling and on the pipe were made grooves 
such as are likely to occur when there Is a defective weld. 
The grooves extended about half the depth of the thread, 
and were made an inch apart for the entire circumference 
of the pipe. The threads were flattened both on the pipe 
and in the coupling, except a mere speck in each. Also to 
offset the broken thread feature of the question, three 
grooves were cut in the pipe %4-in. wide and the full depth 
of the thread. This coupling and piece of pipe were then 
screwed together, and tested with 300 Ibs. of air, at which 
Pressure the joint was tight, demonstrating ccnc!usively 
the stupidity of steamfitters and engineers on this sub- 
ect. . . . The amount of defect on the threads used in 
this test was at least 100% greater than that for which the 
regular steamfitter or engineer will reject material. 


The writer believes that Mr. Crane has over-estimated 
the value of this experiment. It is far from being con- 
clusive. It proves only the possibility of making a tight 
joint with a thread that is far from being perfect. And 
while it may serve to show the unreasonablenees of con- 
demning threads that are not quite up to the standard of 
excellence, it does not prove that damaged threads are 
always to be relied upon to make tight joints. This is 
especially true of a pipe line, for in the fleld there are no 
such facilities for effective joint making as Mr. Crane 
evidently had at hand when making his experiment. It is 
not an easy matter to lay a tight Pipe line under the most 
favorable conditions, although the chances of success are 
unquestionably better when the threads are in pe fect con- 
dition than when they are crudely cut, or badly damaged. 

The holding power, or shearing strength, of a screw- 
joint is much greater than is generally supposed. When 
all the threads have the maximum contact (as In taper- 
thread couplings), their combined stripping strength {Is 
several times the ultimate tensile strength of the shell of 
the pipe. This statement applies no less to the fine 
threads of casing than to the coarse threads of line p'pe; 
but it does not apply to the ordinary straight-thread coup- 
lings, such as are used on merchant pipe, since In practice 
the contact area of the threads, is somewhat less than in 
taper-thread couplings. 

Taking for illustration, 2-in, line pipe, and assuming the 
threads to be in perfect contact, the total contact area 
approximates 5 sq. ins., while the metal area of the pipe 
is 1.07 sq. ins. Assuming the tensile strength of the 
metal to be 60,000 lbs., and the shearing Strength to be 
45,000 Ibs, per sq. in., then the ultimate strength of the 
pipe is 64,200 Ibs., while the Stripping strength of the 
joint is 225,000 Ibs. This leaves a wide margin of safety 
for straight-thread couplings, imperfect threads, or care- 
lessness in making the joints. 

The writer is indebted to a representative of a leading 
pipe mill for the following description of a series of tests 
that were made for the purpose of determining the relative 
strength of taper-thread line pipe couplings, and stand- 
ard, or straight-thread couplings: 

TEST NO. 1.—A piece of 2-in. standard pipe was 
screwed into a line pipe coupling, and when subjected to a 
tensile strain, broke some distance from the coupling at 
65,0C0 Ibs.., equivalent to about 60,500 Ibs. per sq. in. of 
metal area. After this test all the pipe and coupling 
threads were found to be in perfect condition. 

TEST NO. 2.—A piece of 2-in. standa:d pipe (cut from 
the same length as the piece used in Test No. 1) was 
screwed into a standard coupling. It broke in the socket 
under a tensile strain of 37,000 Ibs. 

This test was repeated, with the result that the pipe was 


pulled out of the socket by stripping the few threads that 
were in contact. 


TEST NO. 3.—A 2-in. line pipe coupling was screwed on 
a piece of pipe by machinery, and the coupling then taken 
off. This operation was repeated 1t times, afer which 
an examination showed that all the pipe and coupling 
threads were in as good condition as before the test. 

TEST NO, 4.—The same test as Test No. 3 was applied 
to a piece of 2-in. pipe and a standard coupling: but while 
screwing on the coupling the tenth time the pipe broke 
inside the coupling. 

These tests demonstrated that by using taper-thread 
coupling the joints can be made stronger than the shell 
of the pipe, while joints made of standard or straight- 
thread couplings are the weak portions of a pipe line. 


STEEL PIPE VS. WROUGHT-IRON PIPE. 


The crowning achiements of the pipe industry has 
been the successful use of steel in the manufacture of 
wrought pipe. This innovation by one of the leading pipe 
mills in the early ’80’s, met with a storm of opposition,’ 
not only from rival mills, but from engineers as well. 

It was represented that a perfect weld could not be made 
with steel; that steel pipe could not be threaded, and that 
it was even more unreliable and treacherous when under 


are grooved to corres 
‘the pipe. A projectile-shaped mandrel held in position ‘ 
with the inside diameter of 
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pressure than cast-iron pipe. As late as ten years ago, 
many engineers refused to accept steel pipe as a substi- 
tute for wrought-iron pipe, although manufacturers were 
prepared then, as now, to prove its superiority. Since 
then engineers have so universally adapted themselves to 
the new conditions, that when an occasional non-conform- 
ist specifies wrought-iron pipe, in preference to steel, it is 
assumed that he has no’ kep. pace with the wonderful 
progress that has been made in the manufacture of steel 
tubular goods during the last decade. At the present time 
manufacturers are producing a uniform quality of steel for 
pipes, that for malleability. ductility and weldability, can- 
not be excelled by the more expensive product of the 
puddling furnace, while for tensile strength it is vastly 
superior to the highest grades of iron. 


Many persons are deceived by the high-sounding phrase, 
“Guaranteed Wrought-Iron Pipe.”” This claxs of pipe is 
seldom made of puddiled tion. On the contrary, it is oft- 
ener made of re-rolled scrap, which contains a varying 
percentage of steel. If anv one desires to satisfy him- 
self regarding the sort ef product that results from re- 
rolling a mixture of iron and steel scrap, such as is 
collected by junk dealers, let him inspect the fracture of 
an average bar of so-called ‘“‘refined”’ iron. He will prob- 
ably discover that a considerable portion of the area is 
crystalline in structure, and that the steel crystals and 
iron fiber have little or no affinity. The same character 
of material is largely used in the manufacture of the 
“guaranteed wrought-iron pipe,” which is sold to the un- 
sophisticated, at a price approximately 10% higher than 
that of the best quality of steel pipe. 


In 1897 Prof. Henry M. Howe, an eminent authority on 
the metallurgy of steel, made a series of experiments for 
the purpose of determining the relative bursting strength, 
tensile strength and frictional resistance of wrought-iron 
and steel pipe. The information derived from these ex- 


A comparison of the average results shows that the steel 
pipes excelled the wrought-iron pipes by 62% in the line 
pipe, 41% in the tubing, and 119% in the casing. 

TENSILE TESTS.—For making the tensile tests short 
pieces were cut from certain of the steel and wrought- 
iron pipes. These were accurately threaded and fitted 
with special extra heavy couplings. They were then pulled 
lengthwise in a tensile testing machine until they tore in 
two. The stress was noted, and reduced to pounds per 
square inch of metal area. The average results are 
shown in tabulated form as follows: 

Tensile strength, Ibs. 


eper sq in. of net section— 
2-in. 2-in. 5%-in. 


Wrought iron, minimum 1 7.24 47,312 
Steel, minimum 3,025 5.931 
Wrought tron, maximum.. 52809 61% 


1.309 
Steel, maximuin 67,586 66,495 91,591 
Wrought-iron pipe tests, av’ge 50,002 51,852 54.311 
Steel, average of all pipes tested 65,999 63,057 82.355 


The table shows that the steel pipes excelled the 
wrought-iron pipes by the following percentages: 

Line pipe, 32%; tubing, 22%; casing, 52%. 

FRICTION TESTS.—Without going into details it may 


_be stated briefly that the friction tests showed that the 


steel pipes offered less resistance to the flow of water than 
wrought iron. To quote Professor Howe: ‘‘For a given 
initial pressure the final pressure is here about 6% greater 
in case of steel than in that of wrought iron." 

The concluding sentence of Professor Howe's report 
relative to the above series of tests is as follows: 

To sum up, the steel pipes excel the wrought iron very 
greatly in bursting strength, very considerably in tensile 
strength, and somewhat in offering less frictional re- 
sistance to the flow of water. 

THREADING STEEL PIPE.—The most common com- 
plaint against steel pipe is that it is more difficult to 


sea water, at least nearly as well as wrought iron; ' 
acidulated water better than wrought tron. fi 

Five years later Professor Howe published the 
of a series of experiments in which he exposed a ; 
of plates of wrought fron, steel, and nickel stee! 
thick, to the action of sea water, river water, a e 
weather, for two periods of one year each. The res» 
summed up in the following table: 


Corrosive Tests. 
Se 


a Fresh 

water. water. Weather. 
Wrought iron ...... 100 100 

Soft steel .......... 114 94 103 

3% nickel steel..... 8&3 80 67 
26% nickel steel..... 32 32 30 


This table practically confirms Professor Howe’: 
ment of 1895, and should go far toward convince: 
one, who is open to conviction, that the difference tt 
rate of corrosion between iron and steel] ts har: 
preciable, and that wrought iron possesses no adv. 
over steel in this respect. 

No matter whether we use wrought-iron or stee! -'- 
corrosion is a factor that cannot be ignored. Its + 
of action depends to a very great extent on the ch 
properties of the soil in which the pipe is laid. In 
soils of California, light riveted pipe coated wit! 
phaltum has done good service as water mains for > or 
30 years, while in other soils the same class of pipe has 
lasted less than as many months. How best to protect 
iron and steel pipe from corrosion has long been a prob- 
lem that has given rise to much research and exper! ment 
More than 30 years ago the manufacturers of light-r voted 
pipe in California realized that the success of this class of 
pipe depended upon the application of satisfactory preser- 
vative coating. Judging from riveted pipes that were re- 
cently taken up in Oakland, after having been in the 
ground since the early '70’s, it was customary in those 
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periments is probably the most reliable and conclusive 
that has ever been compiled, relative to the comparative 
merits of fron and steel pipe. 

Three classes of wrought-iron and steel pipe were se- 
lected, viz,: 2-in. line pipe, 2-in. tubing, and 5%-in. cas- 
ing. The wrought-iron pipes were obtained from three 
manufacturers of good reputation, while the steel pipes 
were provided by the manufacturer who engaged Professor 
Howe to make the experiments. Neither the wrought- 
iron nor the steel pipes were made especially for these 
tests. In his report, Professor Howe states that he se- 
lected the 2-1n. steel tubing from a large pile at the ship- 
ping platform of the mill, and the 2-in. steel line pipe from 
two large piles at the storehouse, each about 12 ft. high 
and 60 pipes wide. The 5%-in steel casing was selected 
partly from a pile at the shipping platform, partly from 
another pile at the mill, and partly as it came from the 
welding rolls. Professor Howe took the additional pre- 
caution to mark each pipe selected with his private stamp. 

BURSTING TESTS.—The pipes which were selected for 
the bursting tests were provided with welded heads, after 
which they were subjected to hydrostatic pressure until 
they burst. the bursting pressures being determined by a 
gage. The highest pressure available was 6,000 Ibs. per 
square inch. All of the wrought iron pipes burst below 
this pressure, while approximately two-thirds of the 2-in. 
steel tubing, and one-third of the 2-in. line pipes suc- 
cessfully resisted the maximum pressure. 

The following table shows in condensed form the average 
results of the experiments: 


Bursting Tests by Hydrostatic Pressure. 
Bursting pressure, 


2-in. -in. 5%-in 

line pipe. tubing. casing. 

Wrought fron. minimum...... 1,000 200 200 
Steel. minimum _ ......... eos 2,200 5.150 1.4%) 
Wrought tron. maximum ..... 4,000 5.000 1,400 
600 6 000 2,750 
Wrought-iron pipe tests, av’ge. 2,918 4,106 e21 
Steel,average of all pipes tested 4,733 5,800 2,088 


thread than wrought fron. This difficulty can be usually 
traced to the use of old, worn-out threading tools. Steel 
pipe is well threaded at the various pipe mills, and is 
equally well threaded in the best pipe fitting shops. In 
fact, no pipe fitter or pipe layer need have the slightest 
difficulty with threading steel pipe, if he will take the 
precaution to provide himself with up-to-date threading 
tools, and then keep them in good repair. 


CORROSION.—Another objection that is sometimes urged 
against steel pipe is that it corrodes much more rapidly 
than wrought fron. Of late years this objection has been 
shown to be based on prejudice rather than fact. The 
writer is frequently told that wrought-iron pipe is much 
more durable than steel; but when he attempts to get at 
the facts, his informants invariably fail to furnish any 
satisfactory evidence in support of their extravagant 
claims. A mine superintendent recently made the aston- 
ishing statement that he knew by experience that 
wrought-iron pipe will last fully twice as long as steel 
pipe. A brief cross-examination developed the fact that 
he had used some light sheet fron pipe some 20 years ago 
in the state of Nevada, and had lated used sheet-steel pipe 
in California. He could not remember whether the thick- 
ness of metal was the same in both cases or not, and had 
no knowledge of the chemical properties of the water and 
soil of the two localities. All that he knew was, that the 
fron pipe lasted twice as long as the steel. 


As early as 1895 Professor Howe, in a paper entitled 


“Relative Corrosion of Wrought Iron and Steel,” sum-- 


med up his analysis of a considerable number of experi- 
ments made by himself and other investigators, in the 
following language: 

It is misleading to say either that normal low-carbon 
steel corrodes more or that it corrodes less than wrought 
iron, since the irrelative corrosion varies with the enclos- 
ing medium. I think we have verv strong reason to be- 
Heve that such steel, when carefully made, resists cor- 
rosion in fresh water as well as wrought fron; in cold 


days to apply the asphalt coating very generously and 
with great care. Since then manufacturers of riveted pipe, 
refiners of asphaltum, and engineers have devoted much 
time and thought to this all-important subject, and at the 
present day the coating of steel pipe with asphaltum is 
probably better understood in California than anywhere 
else in the world. It is possible to purchase in this mar- 
ket asphalt preparations for coating pipe that will give 
excellent results if properly used. And here it should be 
emphasized that in coating pipe with asphaltum, experi- 
ence, good judgment and thoroughness are the prere- 
quisites of success. Probably 90% of the failures of as- 
phalt coating to preserve pipe from corrosion is due to 
the absence of one or all of these important qualifications. 

In view of the importance of the subject the following 
points are suggested regarding the coating of pipe with 
asphaltum: 


1. The pipe should be thoroughly cleaned. Every par- 
ticle of rust. and as much of the mill scale as possible, 
should be removed. 

2. The asphalt bath should be brought to a temperature 
of 200° F. Its proper consistency may be determined by 
dipping in the mixture a strip of thin steel, and then 
withdrawing and plunging into cold water. If after this 
treatment the coating is soft and sticky the mixture con- 
tains too large a proportion of the fluxing or liquid grade 
of asphalt, and ff In bending the strip the coating shows 
a tendency to crack and flake off there is an excess of the 
solid grade. 

3. The pipe should be left in the bath until it has had 
sufficient time to attain the same temperature as the as- 
phaltum. For the heavy types of welded pine. it woul! be 
advisaMe to heat each pine to the same temperature 4s 
the bath before immersing. . 

4. As a thick coating of asphaltum affords more 
thorough protectton than a thin coating, two dippings 
recommended, in which cace the first coating should be 
allowed to harden before re-dipning. ‘ 

5. Pipe should be coated tn the vic'nity of the lave 
Under no circumstances should it be dinned before !»*v- 
ing the mill. except as a precaution against rusting °"- 
route, in which cace it should be re-dinped at destinat ©". 
After the pipes receive their final coat the greatest “°° 
should be exerciced to prevgat abrasion, both In dis" - 
buting along the trench and fh laying. As a final preceu- 
tion every pipe should be rigidly inspected for abrasions. 


4 
line tubing. casing. 
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nd ¥ xposed, the metal should be given two coats 
af be geet brand of asphalt paint. 


years 


es with excellent results. This process.however, re- 
oa — expensive plant, and for that reason is used 
in connection with large and important under- 


gs 


“se galvanizing and kalamein processes consist of im- 
corsing the pipe in a molten alloy, of which zinc is the 
“of ingredient in the former process, and tin in the 


atter. 
any one of the coatings mentioned, if properly applied, 


+) add very materially to the life of steel pipe. But no 
known preservative, metallic or varnish, can be relied 
yeon to successfully protect steel pipe from corrosion 
under all conditions of soil and water. Chemists may 
some day discover a universal remedy that will prove in- 
expensive and efficacious, but until then we must do the 
best we can with the methods now in vogue. 
SPECIFICATIONS. 

Engineers sometimes prepare elaborate specifications for 
» ne without stopping to consider if they are practicable. 
So far as the quality of the material and the details of 
manufacture are concerned, it is always advisable to con- 
form to the practice of the best pipe mills. All grades of 
steel, for example, are not equally weldabie. therefore 
it would be a waste of time to specify steel that could not 
be welded. It is always a good vlan to obtain from some 
reputable mill such specifications as are best adapted to 
the work in hand, Arrangement can then be made to have 
the pipe made in accordance with these specifications un- 
der the supervision of a competent inspector. 

So far as testing the pipe at the mill is concerned, the 
standard hydrostatic tests for the several classes of pipe 
will answer, unless extraordinary working pressures are 
contemplated. The standard tests are as follows: 

S le Ex. strong pipe— 

2\%-in. and larger..... 500 

Line pipe: 6-in. and smaller...... 1600 “ ‘ “ “* 


Irrigation casing: 5%-in & smaller. 500 
Larger 300 


Unless otherwise specified the several classes of pipe are 
tested at the mill to the above pressures. Arrangements 
can always be made for special tests when the pipe is to 
be used under high pressures. In no case should the 
mill test be less than 1% times the proposed static 
pressure. 

SPECIFICATIONS FOR MERCHANT PIPE.—The fol- 
lowing specifications are sufficient to secure a good quality 
of merchant pipe at the ruling market price: 

Pipe to be made of good, ductile metal of uniform qual- 
ity, and to be straight and smooth. Threads to be clean 
cut in accordance with Manufacturers’ Standard. Coupl- 
ings to be well screwed on. Jointers not to exceed 8% of 
the total number of lengths. All pipe to be subjected to 
the standard hydrostatic test before leaving the mill. 

SPECIFICATIONS FOR LINE PIPE.—Pipe to be made 
of steel of tough, ductile and uniform quality. Each 
length to be fitted with a full weight line-pipe coupling, 
the ends of which shall be recessed. The threads of the 
coupling to taper uniformly from both ends to the center. 
A half-coupling thread protector to be securely screwed 
on to the exposed end of each length of pipe. None of the 
pipe to vary more than 5% above or 5% below the standard 
weights. Jointers not te exceed 6% of the total number 
of lengths. Each length of pipe to be tested at the mill to 
a specified hydrostatic pressure. 

If the pipe is for a high working pressure it would be 
advisable to specify the physical properties of the material. 

MANUFACTURERS’ LIMIT OF GUARANTEE.—Pipe 
manufacturers are usually willing to replace pipes that 
are clearly defective, but under no circumstances will 
they assume responsibility for damages, beyond the price 


L eer 


occurrence can be made exceedingly improbable, if they 
cannot entirely be prevented, by employing at the out- 
set the services of a competent engineer—one who knows 
how to secure at a minimum cost the pipe best adapted to 
the requirements. 

In conclusion the writer takes pleasure in acknowledg- 
ing his indebtedness to Mr. Chas. M. Woods, Manager of 
Sales, and Mr. Thos. W. Brooks, Asst. Manager of Sales, 
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Fig. 104. Roof and Foundation Plans of Reinforced 
Concrete Subway. 


of the National Tube Co. for the Pacific Coast, for having 
placed at his disposal certain records of tests made by 
the National Tube Co., of which he has freely availed 
himself in preparing this paper. 
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Contract Section IX-a of the Rapid Transit 
Railway extended from a point on Lenox Ave. 
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vf the pipe. Pipes are used for such a multiplicity of 
purposes and under such a variety of conditions, that 
manufacturers have been compelled, as a protective meas- 
ure, to adopt the rule that ‘‘no charges for labor, or ex- 
peases required to repair defective goods, or occasioned by 
them, will be allowed.” 

‘he necessity for the adoption of such a rule suggests 
© fact that serious failures now and then occur in the 
use of pipe: Such failures, however, are rare, and their 


th 


FIG. 105. PROFILE OF HARLEM RIVER TUNNEL SECTION. 


100 ft. north of 135th St., to and across the Har- 
lem River, to the center line of Girard Ave., in the 
Borough of the Bronx. The subcontractors were 
McMullin & McBean, of New York city. The sec- 
tion was one of the most difficult to construct of 
any throughout the length of the subway, be- 
cause. of the tunnel under the Harlem River.. 
SUBWAY STRUCTURE.—The route of the sub- 


way included in Section IX-a follows the cen- 
ter line of Lenox Ave. to a point about midway 
between 14lst and 142d streets, and then swings 
east and cuts under private property near 143d 
St. The line then passes under private property 
and the Harlem River until it strikes the line of 
149th St., which it follows to the terminus of the 
section at Girard Ave. From 135th St. the tracks 
descend on a 0.35% grade to 139th St., then on a 
0.9% grade to 14lst St., and then they dip under 
the river on a 3% grade and rise with the same 
grade to a point beyond Girard Ave. on the oppo- 
site shore. From the curve at 1l41st St. a double- 
track branch line extends north along Lenox Ave. 
to the south bank of the Harlem River. Tils 
branch has a twofold purpose. It furnishes ac- 
cess to a car house and power plant, and enables 
trains to ‘be made up at an intermediate point on 
the East Side line, and so relieve the pressure on 
the trains coming from the Bronx terminus. 

Considering the main line first, the construction 
from 135th St. to 139th St. was standard doub!e- 
track concrete and steel beam subway. From 
139th St. to 141st St. a construction in concrete- 
steel was employed. The details of this concrete- 
steel subway are shown by Figs. 103 and 104, 
but before entering into an explanation of them 
the occasion for its development and use in place 
of the standard concrete and steel) beam struc- 
ture is desirable. In building the roof arches of 
the standard subway it was found that extreme 
care was necessary in tamping the concrete in 
place to ensure that it was crowded well up un- 
derneath the top flanges of the roof beams. To 
avoid this difficulty and the danger of undiscov- 
ered void spaces at the angle of the beam flanges 
and web, search was begun for a betier form of 
construction. It was at first proposed that deck 
beams be used in place of I-beams for the roof 
construction, since by placing these beams with 
their bulbs uppermost the top flange angle so 
difficult of access in the I-beam construction 
would be done away with. Another line of study 
looking toward the total omission of the roof 
beams, and much of the other steel structure, and 
the substitution for them of a concrete-steel 
design, was pursued by Mr. St. John Clarke, Gen- 
eral Inspector of Designs, and finally resulted in 
a design for substantially the construction shown 
by Figs. 103 and 104. This design was approved by 
the Chief Engineer after it had been carefully 
examined, and was ordered substituted for the 
steel-beam construction for all subway for which 
the metal had not already been contracted. 

As will be seen from the drawings of Figs. 103 
and 104, the general rectangular form of the 
standard concrete structure was retained in the 
new construction. Of the standard steel-bent 
framework the center bulb angle columns were 
retained, but the I-beam wall columns and the 
roof beams were replaced by other constructions. 
In place of the sidewall columns two angles riv- 
eted together to form a Tee set with its face 
toward the tracks, were substituted, and in place 
of each roof beam two 1%-in. round rods were 
fastened between the bulb angle column and the 
sidewall Tee. Similar sets of tie rods conne tea 
the tops of the sidewall Tees and center columns 
from bent to bent longitudinally of the subway. 
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In the standard construction concrete jack arches 
were molded between the sidewall columns and 
roof arches between the roof beams. The new 
construction replaced the jack arches with plane 
walls of concrete in which were embedded near 
the front surface twisted steel rods set vertically 
and 12 ins. apart. The succession of roof arches 
between beams was also replaced by a mono- 
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lithic plate molded to a curved intrados trans- 
versely over each track and flat on top, and con- 
taining a reinforcement of twisted steel rods. The 
roof reinforcement consisted of two sets of ele- 
ments. Near the bottom of the roof plate there 
were parallel bars extending across the structure 
12 ins. apart, the ends of which were wired to the 


¥ Square Rods, 
Twisted; 


heavily backed with concn:te, making an unusu- 
ally heavy construction. The construction of the 
cast lining was also unusual, as is shown by 
Fig. 108. The segments had a l1-in. plate and 
1-in. flanges on all four sides for joining them to- 
gether. Each segment also had an intermediate 
circumferential flange to stiffen the plate. The 
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FIG. 106. TRANSVERSE SECTION OF DOUBLE TRACK CONCRETE TUNNEL. 


tops of the sidewall rods, and near the top of the 
plate and over the center portion were shorter 
transverse rods of similar spacing. The floor 
of the subway in the new construction was rein- 
forced in the same way as the roof, except that 
the shorter rods were placed at the bottom of the 
floor concrete and single longitudinal rods were 
placed under the bulb-angle columns. 

Between l41st and 143d streets standard con- 
crete and steel beam construction was used be- 
cause of the long spans of the roof beams, ren- 
dered necessary by the widening of the subway 
at that point to allow the two tracks for the 
Bronx to swing off to the right, and the omission 
of some of the sulb angle columns because of the 
switches and crossovers. Some of these plate 
girder roof beams have a depth of 54 ins. 

From 143d St. to the end of the section at 
Girard Ave., the subway structure was concrete 
arch construction, with the exception of 610 ft. 
under the Harlem River, which was double-tube 
tunnel of cast iron backed with concrete. Fig. 
105 is a longitudinal section of the tunnel and its 
approaches. Fig. 106 is a transverse section of 
the concrete arch structure, and Fig. 107 is a 
transverse section of the double-tube construction. 
In explanation of Fig. 100, it should be said that 
the heavy construction shown was used for only 
a short length adjacent to each end of the 
tube construction. The profile, Fig. 105, shows 
approximately the extent of this heavy construc- 
tion. Elsewhere the concrete arch, while retaining 
the same inside dimensions and sectional] profile, 
had much thinner walls and omitted the twisted 
steel bar reinforcement of the roof arch. Struc- 
turally, the only feature of the concrete arch 
which need be noted particularly is the water- 
proofing. 

This waterproofing, where it came below eleva- 
tion +4, or ordinary high spring tide, consisted o1 
two layers of asphalt paper, with coats of hot 
asphalt between and on the outside of the layers. 
Inside of this were laid two courses of brick laia 
in a hot asphalt composition filling both bed ard 
collar joints. In order to prepare a proper bed 
for receiving the floor waterproofing upon the thin 
layer of concrete below it, it was found necessary 
to lay an additional layer of asphalt paper mere y 
stuck at the laps with asphalt. Above elevat on 
+4 the ordinary waterproofing was used. 

Referring to the double-tube section, it will be 
noted that unlike most cast-iron lined tunnels 
which have been built in the past the lining fs 


connection of adjacent segments was formed by 
bolting the adjoining flanges together in the usual 
manner. Axially the connecting flanges were con- 
tinuous, but the circumferential joints were stag- 
gered. All segments were heated and dipped in 
melted pitch previous to erection, and all joints 
were packed with felt and asphalt. A coating of 
concrete was placed inside the lining to a depth 
flush with the segment flanges. A bottom filling 
of concrete was provided for the track, and as ts 
indicated by the profile, Fig. 105, a drain leads 
down each slope of the tunnel to a sump at the 
center, 

MATERIALS PENETRATED.—From 135th St. 
to 148d St. the subsoil underlying Lenox Ave. 


Vol. L. No. 14. 
line, mud 7 ft., coarse sand 4 ft., fines. ), 
ft., and rock; at low water shore line, 1 ime 
ft. sand 9 ft., sand and clay 30 ft.; atm. yep 
mud 5 ft., clay 15 ft., sand 10 ft.; north s pler 
head, mud 9 ft., sand and clay 42% ft., sa; tt 
sand and clay 7% ft.; at Exterior Ave., de}, 24 


ft., clay 7% ft., sand 7 ft., sand and clay | + 
sand 30 ft.; at River Ave., debris 121, ;: 


and clay 7% ft., sand 22 ft,; and at Gira: apes 
debris 744 ft., and sand and gravel 7% | By 
reference to the profile, Fig. 105, it wil) ob- 
served that the subway excavation enc ilerg 
rock for a short distance on the south side © ha, 


river and again on the north side, about } tt. 
from the north pierhead line. Between th: 
points of rock the excavation is throug). mud, 
sand, gravel and clay, and as will be see: from 
Fig. 105, the depth of cover over the tunn:! |; the 
deepest part of the channel is very smali 

STREET AND ADJACENT STRUCTULPEs— 
A double-track street railway occupies the c-nter 
of Lenox Ave., and its track structure had :o be 
supported during construction. No other 
structure along the section had to be sp lally 
considered until the north bank of the riv:y was 
reached. Here the foundations of the 145: st. 
bridge approach came quite close to the ex-aya- 
tion, and precaution was taken to sheet and brace 
the trench with unusual thoroughness, so that no 
shifting of the soil would occur. 

METHODS OF WORK.—For sake of clearnes; 
and convenience in describing the methods of 
work on Contract Section IX-a, the work wil! be 
divided into two parts, which will be called the 
land sections and the river section. The bulk of 
the work comprised in the land sections was 
south of the Harlem River, and this will be con- 
sidered first. 

LAND SECTIONS.—On the east side of Lenox 
Ave., and bordering the Harlem River, there was 
an area of low land which was submerged at high 
water level, as is partially indicated by Fig. 105. 
This low land was secured by the contractor for a 
dumping ground, and this influenced largely the 
selection of the method of work which was 
adopted. Owing to the limited traffic on Ienox 
Ave., the contractor opened the subway ex- 
cavation in a single wide trench. He began 
this trench at the dumping ground and carried it 
south along Lenox Ave., hauling the excavated 
material by locomotives and dump cars running 
on a track in the bottom of the trench. Fig. 109 
shows a spoil train coming out of the trench on 


two 


treet 


FIG. 107. TRANSVERSE SECTION OF TWIN TUBE TUNNEL. 


consisted for a depth of 10 or 12 ft. of a filling 
of rocks, deposited when the avenue was graded, 
under which came sand containing some clay at 
the north end. From 1434 St. to the end of the 
section at Girard Ave., the borings showed the 
following materials: At 143d St., coarse sand, 
gravel, coarse sand and rock; at high water shore 


Lenox Ave., and turning east on the curve !ead- 
ing to the dumping grounds. 

The trench along Lenox Ave. had to be sheeted 
and braced with considerable care because of the 
nature of the excavation, which, as previously 
stated, consisted of ro¢k filling on sand, and be- 
cause the edge of the trench came very close t? 
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ye southbound street car track. The method of 
-imbering adopted consisted first in driving a row 
of piles along each side of the trench. These piles 
were spaced 10 ft. apart, and were from 30 to 35 
«. long and 12 ins. in diameter. After being 
criven the piles were cut off about 3 ft. below 
«treet grade. The piles of each row were then con- 
nected by inside waling timbers and cross braces 
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Fig. 108. Detail of Cast-Iron Lining for Twin Tuke 
Tunnel. 


were inserted between the opposite lines of 
waling. The sheeting was driven behind the 
waling timbers. It will be understood, of course, 
that the excavation and timbering proceeded 
simultaneously to a considerable extent. Practi- 
cally the only machine of any note which was 
employed was a sort of gantry crane arrange- 
ment for handling the rocks encountered in the 
top part of the trench. This gantr\" straddled 
the trench and was moved along it on rollers. 
The trolley consisted of a platform car traveling 
on a track on the deck of the gantry and carrying 
a hand winch and tackle for lifting and lowering 
the pieces of rock. In operation this trolley raised 
the rocks from the side of the trench and swung 
them across and onto the dump cars. One of these 


street car tracks, which, consequently, had to be 
temporarily supported. The method of support 
adopted was to insert short planks under the 
track structure and to strut downward from them 
as the excavation deepened. The tracks were per- 
manently supported during construction as soon 
as practicable upon transverse stringpieces of tim- 
ber which were in turn suspended by metal straps 
from longitudinal timbers resting upon the tops 
of the above-mentioned piles. 

A stretch of concrete and steel beam subway, 
complete with the exception of the roof arches, is 
shown by Fig. 110. The method of erecting this 
construction followed the usual practice. The 
subway floor was first placed and the column foot- 
ings set; the steel bents were then erected, and 
finally the sidewalls and roof arches were 
molded in place. This general sequence of opera- 
tions was also followed in building the con- 
crete-steel structure. First, the floor concrete was 
placed with the reinforcement inserted at the 
proper points. The sidewall Tees, center columns 
and tie rods were then erected, and the sidewall 
concrete was deposited in suitable forms with the 
reinforcing bars inserted at the proper points. The 
roof centers were then erected, and the concrete 
with the embedded reinforcement was deposited 
on them. 

The land sections of concrete arch subway were 
constructed in open cut and presented no uncom- 
mon features except the depth of excavation and 
the rigid trench timbering required by the soft 
ground, and on the north shore by the adjacent 
bridge foundations. 


EXAMINATION OF A STEEL-FRAME BUILDING FOR 
CORROSION. 


In connection with the discussion concerning the 
life of steel or ironwork in steel frame bui!dings 
and its liability to corrosion, we find in the “Amer- 
ican Architect” of Sept. 12, a contribution from 
an architectural firm in Providence, R. I, which 
we reprint below. It will be seen that in the case 
reported there was a gratifying absence of corro- 
sion in every part examined. The letter follows: 

As a contribution to the discussion of the effect of cin- 
der concrete in fireproof skeleton construction, the exami- 
nation which we have been able to make of a building 
erected five years ago under our supervision, may be of 
interest. 

The building is five stories high, of skeleton construc- 


FIG. 109. VIEW OF SPOIL TRAIN EMERGING FROM OPEN CUT SUBWAY WORK. 


gantries is shown in the distance in the view, 
Fig. 109. 

Between 135th and 138th streets the introduc- 
tion of a switch track made a three-track subway 
Structure necessary, and this increased width 
brought the excavation underneath one of the 


tion of ‘‘Z-bar” columns and steel beams, which had a 
coat of red lead before delivery and another coat after 
erection, with outside walls of brick surrounding the 
columns in which they are imbedded. The interior steel- 
columns and the lower flanges of the beams are protected 
with hard plaster on wire lathing. The floors are of 
cinder and Portland cement concrete laid on %-in. ex- 


panded metal, 3 x 6-in. mesh, 1 In. of the concrete above 
the expanded metal and 3 ins. below it, and the con- 
crete is carried down to the bottom flange of the beam in 
the usual manner. The beams in the floor are 4 ft. 6 ins. 
on centers and were made of a depth to carry safely 
a live load of 250 lbs. per ft. 

The work was, much of it, done in the late fail and 
early in the winter of 1898, some of it being exposed to 
very cold weather and most of it to severe rain storms 


Fig. 110. View Inside Partly Completed Open Cut 
Subway. 


before the building was roofed in. After the building 
was roofed in and the concrete had thoroughly set, but be- 
fore the building was finished, a test was made of the 
strength of the concrete floor-plates, which were loaded 
up to 900 Ibs. per sq. ft. without injury and with but 
slight deflection. 

Since the completion of the building the floors have been 
almost constantly loaded up to 400 lbs. per ft. in nearly 
every part of the building. 

We have been called upon to drop the first-story floor 2 
ft. 8% ins. while the tenants, wholesale and retail grocers, 
were carrying on their business, and as the floor which 
was lowered was used for putting up goods for delivery 
and also for the delivery of the goods to the teams, 
the business could not be interrupted, but had to be 
carried on without interruption while the work was in 
process. 

To do this work it was necessary to expose in very 
many places the steel frame where it was embedded in 
the brick wall, where it had been enclosed in the cinder 
concrete and where it had been protected with steel lath 
and patent plaster. In no case was there any indication 
of corrosion, the paint showed scarcely any sign of dis- 
coloration and upon scraping the paint the metal under 
the paint was as bright as when it left the shop. Guide 
numbers painted on the beams in the shop could easily be 
read. 

The expanded metal in some places showed very slight 
signs of rust, but not enough to cause any apprehension, 
and apparently corrosion had stopped. 

There seemed to be no indication of rust around the 
rivets, which had to be driven out, on the brackets which 
were removed and used again in their new location, or cn 
the ‘‘Z-bar’’ columns behind the brackets. 

The concrete plates which were uncovered showed no 
signs of fracture, and the concrete floors were so solid and 
firm that the work of cutting the channel to separate 
the floors from the side walls of the building was no easy 
task. 

There is an elevator enclosed by a partition made of 
4-in. terra cotta blocks, laid up in lime mortar between 
vertical tees, 1% x 1% x 3-16-ins., set 18 ins. on centers on 
both sides of the partition to stiffen the same. This par- 
tition was plastered both sides with hard plaster to a 
thickness of about %-in. over the terra cotta and %-in. 
over the tees. The tees in this partition show more signs 
of rust than any other of the work, but these tees were 
not painted and it is evident that the rust was formed 
before the plastering dried and has not increased since it 
dried out. 

From a very careful examination of this building, which 
was built without any special care to prevent rust, except 
the two coats of red lead referred to, there would seem 
to be no warrant for the apprehension which has been 
expressed as to the imminent or even remote danger of 
the destruction and collapse of skeleton buildings with 
cinder-concrete and expanded-metal floors and beam cov- 
ering, and plaster column protection. 

Very truly yours, 
Stone, Carpenter & Willson, Architects. 

Providence, R. I., Sept. 1, 1903. 
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As predicted in our issue of Sept. 17, the Hay- 
Herran treaty with Colombia for the construction 
of the Panama Canal became void on Sept. 22 
through the expiration of the time set for its rati- 
fication and the way is now open for the Presi- 
dent to make treaties with Nicaragua and Costa 
Rica and proceed with the construction of the 
Nicaragua Canal. A Washington dispatch to the 
New York “Journal of Commerce” under date of 
Sept. 23, however, states that this will not be 
done. Alluding to the demands that the Nicara- 
gua route should be taken up, it says: 

The President will not be influenced by these demands. 
He and secrecary Hay are convinced that the Panama 
route is so far superior to that by the way of Nicaragua, 
and that it can be completed in so much less time, that 
they will be fully justified in making at least one more 
attempt to reach an agreement with Colombia before tak- 
ing up the inferior project. 

This may be only a newspaper guess at the posi- 
tion of the President and wide of the mark; but 
if it is true, it is greatly to be regretted. The Pres- 
ident, we must believe, would be guided by the 
judgment of the Isthmian Canal Commission on 
the relative merits of the two routes, and that 
body originally recommended the Nicaragua 
route rather than pay what they deemed an ex- 
cessive price for the French concession. As for 
the statement that the Panama Canal “could be 
completed in so much less time,” the Commis- 
sion’s estimate of the time necessary for construc- 
tion was 10 years for Panama and 8 years for 
Nicaragua. 

Undoubtedly, the President can construe the 
“reasonable time” set by the Spooner act as al- 
lowing him to renew negotiations with Colombia 
looking to a new treaty; but any such treaty must 
be ratified by the Senates of both countries, and 
every sign indicates that the U. S. Senate will ap- 
prove no new treaty with Colombia, at least un- 
til some attempt has been made to secure a fav- 


orable treaty with Nicaragua and Costa Rica. As 
for action by Colombia, that country is about to 
elect a new President and new congress, and even 
if it gets through the task without a revolution, it 
could not take definite action upon any new treaty 
for nearly a year at best. If such delays consti- 
tute a “reasonable time,’’ White House opinions 
on the strenuous life must have altered of late. 


The paper on “commercial wrought-iron and 
steel pipe,”” which we print in this issue will be 
read with interest by engineers who have been 
having trouble with merchant pipe which they 
have ascribed, in many cases at least, to the 
change of material from wrought-iron to steel. 
The author of the paper, it will be noted, strongly 
defends steel pipe, and maintains that the com- 
mon idea that it will corrode more rapidly than 
wrought-iron pipe is unfounded. Whether this be 
true or not, the fact has to be faced that steel 
pipe is here, and doubtless here to stay. Actual 
wrought-iron pipe, made directly from the product 
of the puddling furnace, is doubtless hardly to be 
procured in the merchant pipe market now. Such 
puddled iron as is worked into skelp and pipe 
finds a more profitable market as boiler tubes. 

Meanwhile it is fair to say that the paper in 
this issue represents the views of the seller of 
pipe. Some aspects of the pipe question from the 
user’s standpoint are also presented among our 
“Letters to the Editor” this week, and we shall 
be glad to hear from any other of our readers 
who may have experienced difficulties with mer- 
chant pipe as now manufactured. 

In this connection one point occurs to us on 
which additional light would be desirable from 
the user’s standpoint. It will be noted that Mr. 
Riffle urges engineers not to state the quality of 
material in their pipe specifications, but leave 
that to the manufacturer, pointing out that it is 
useless to specify a material which cannot be 
welded. This means, we presume, that steel 
skelp for making pipe has to carry a fairly high 
percentage of phosphorus in order to weld read- 
ily. It would be interesting to the user to know 
just how far this fairly high percentage is car- 
ried and about what limit if any is placed on it by 
the manufacturer. Again, since, in most other 
lines of steel production, high phosphorus material 
will not be accepted by the user, is it not a fact 
that the skelp mill forms a convenient means for 
disposing of material originally intended for other 
uses and condemned for too high phosphorus? 

We do not say that such material may not be all 
right and perfectly proper for use; but the user of 
merchant pipe may feel some pardonable curiosity 
as to the details of this practice. Whether the 
remelted steel scrap is an equally good material, 
whether it ever becomes the custom to put in old 
scrap of uncertain composition along with the 
new, and whether the resulting pipe is as reliable 
under all conditions of service as it ought to be. 
Of course to the ordinary purchaser of small pipe 
sizes, for use where a burst or a defective spot 
is no very serious matter, the quality of the metal 
does not make much difference and it is for the 
interest of all parties concerned that the manufac- 
turer should work up material which he can fur- 
nish at the lowest cost. "When we take such work 
as steam piping, however, the case is entirely dif- 
ferent. The user is entirely justified in wanting 
the best and most reliable material that can be 
procured; and engineers have a right to know 
whether the piping they are erecting to stand 
the heavy strains of contraction and expansion 
and possible water hammer is made of a ma- 
terial that would be rejected for boiler plate. 


> 


Whether the office of City Engineer should b2 
an appointive or an elective one is a questi*: on 
which opinions differ; but practice in recent years 
has tended toward making it appointive on the 
ground that an officer elected by popular vote 
must first be nominated by a political convent!on 
and such a body is more apt to select a man be- 
cause of his political strength than because of his 
professional ability. 

There is, however, some pupular sentiment in 
favor of the election of officers by the people di- 
rect, and this has resulted in some cases in chang- 


ing the status of the City Engineer from an o 
pointive to an elective official, Such a cha: 
has recently been made at Binghamton, N. Y 
we find in the “Republican” of that city the 
lowing excellent advice to the voters: 
One of the duties of voters at the caucuse - 
will be to choose delegates to the city convention 
the city convention will nominate a candidate fo; 
Engineer. It is the first time the people ever vote 
City Engineer, but everybody is aware that City Eng: 
will be the most important office on the ticket. i 
It is needless to say that he should be a man of } 
esty and accuracy. e should be above conniving 
rings to increase taxes and pile loads of bonded ‘ind 
edness upon the city. It may happen that there wi. 
men on the make in the Common Council. Such t! 
have happened in other cities. If the City Engineer | 


so on the make, it is likely to i t 
—, y go hard with the 


The candidate for City Engineer should b Sas 
said his wife should be—‘‘above 
be accurate. and when he makes a grade for a sidew 
the ow owners interested should be able to de: 
upon it. F 
The caucuses to-morrow should sele 
nominate a model man for City Engineer. imme 
Such public recognition and emphasis of the im. 
portance of the City Engineer’s work is exceedin« 
ly gratifying. 


In the portion of the New York Rapid Trans!: 
Railway work which is illustrated and descri}e | 
in this issue mention is first made of the new 
reinforced concrete construction which the ¢n- 
gineers of the Commission have substituted fo: 
the steel bent and jack arch construction in a 
considerable portion of the new subwa\ 
under way and contemplated. The details of th» 
new construction are given elsewhere and need 
not be repeated. It will be noticed, however, that 
the modification is a decided one and is the 
nearest approach to a purely concrete-ste | 
underground railway structure which has been 
actually carried out. A somewhat similar use of 
reinfurced concrete is contemplated for the new 
subway line, work on which has been started, in 
Philadelphia, Pa., and isolated use of reinforcing 
rods has been made in the Boston subway work 
and elsewhere in the rapid transit work in New 
York. In none of these, except possibly the 
Philadelphia subway, the plans for which have 
not been finally settled on and published, is con- 
crete steel used in the same manner or to the 
Same extent as in the New York Rap‘d Trans:t 
construction. Some of the reasons for this change 
here from the old steel bent and arch-fill construc- 
tion have been given in the article published else- 
where, but since the work has developed experi- 
ence with the new construction other reasons of 
even greater force have come to light. In his 
last report Mr. Wm. Barclay Parsons, M. Am. 
Soc. C. E., the Chief Engineer of the Rapid Tran- 
sit Railway, in referring to the new construction 
says: 


So successful was the experiment, not only in quality of 
work produced, but also in rapidity and lessened cost of 
execution, that it has been decided to apply the same prin- 
ciple of design to the Lenox Ave. extension from 142d to 
148th Sts., the station and subway extension at 149th 
St. and Third Ave. in The Bronx, and to portions of Con- 
tract No. 2 in Brooklyn, 

To be a little more specific, the new construc- 
tion shows roughly a saving of about 15 per cent. 
in materials and of about 20 per cent. in labor, 
as compared with the other style of structure. 
To bring out the best results from the new con- 
struction, however, it has to be built continu- 
ously and where the work enjoys freedom from 
the necessity of supporting overhead street struc- 
tures during construction. When the last men- 
tioned necessity exists the steel bent and arch 
construction possesses important advantages. The 
bents may readily be erected a few at a time in 
isolated openings, and as soon as erected and be- 
fore the arches are filled in they can be used to 
carry blocking to support street pipes and con- 
duits. It is this property of the old construction 
which has led to its use in connection with the 
newer reinforced concrete design in the work 
planned for future prosecution. The latter is, 
however, a most interesting departure and pos- 
sesses merits which make it a strong claimant for 
the consideration of engineers who have under- 
ground railway work to design. 


> 


One of our contemporaries which is engaged in 
a violent crusade against the pase of concrete as a 
fireproofing material recently published a report 
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that a concrete building in Chicago had been con- 

- ned and was being taken down. The sort of 

rfare against concrete which our contemporary 
. waging may be best understood from the fol- 
wing quotation: 


. she Chicago south side there is now in course of de- 
t a boy first stagger at concrete as a building 


erial. 
ae building was put up the then acting 
O’phea, protested against the per- 
‘assigning the dangerous character ot the construc- 
and the method of application and variety of ma- 
is as his icial reasons. ' 
these objections, the man with the 
irs put it through, and up went the first frizzled friv- 
-y of the species that had been seen in the middle West. 
’ it went, this concrete—twenty years ago—the won- 
“peing that it did not come down in going up, as is the 
‘ce, apparently, in our more enlightened modern ap- 
of that material. 
own it eomes—this concrete house—in the year of 
"S903; that is, it is being carefully and skillfully 
aow n by vrave aud daring WOrkmenu in order pie- 
. its falling down of its own volition. 


& 


rhe quality of the concrete is, of course, problematical 
_serhaps even more difficult of precise definition now than 
ent Supply. 18 DOweve:, vy tue 
“ond builder that while the work was regarded at the 
wate as necessarily experimental, every precaution was 
‘.ken to render it safe and secure, the best cement and 
»roken stone and sharp sand being employed in the com- 


Local architects in Chicago express the belief that while 
‘he condemnation of the “old conciete house” has been 
for years a foiegone conclusion, it raises anew the ques- 
con of disintegiation as affecting so much of the regular 
run of that material and the impossibility of determining 
the real quality and condition of the concrete when once 
roa place. unless the process of application is carried out 
in the most expensive and laborious way, necessarily in- 
volving OL Lime In uctiou, 

In order to ascertain what facts lay at the basis 
of this piece of fine writing we made inquiry of 
Mr. Geo. Williams, Building Commissioner of 
Chicago, and have obtained the following infor- 
mation: The building was erected 20 years ago, 
and was made with 2 x 6-in. wooden studding, 
spaced 4 ft. apart. The space between and around 
these studs was filled in for the height of the 
basement and two stories with a mixture of cin- 
ders and air slaked lime, and the outside was 
plastered with hydraulic cement mortar. This 
outside coat of plaster cracked, as might have 
been expected, and admitted rain to the filling be- 
hind it which disintegrated in places; and the 
moisture being held in contact with the wooden 
studding, it soon rotted and let the floors down. 

This is the “concrete building’ whose failure 
our contemporary holds up aS an argument 
against concrete as a building material! It would 
be superfluous for us to comment on the ‘“‘frizzled 
frivolity” of such trade journalism. 
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The paper on the design of high masonry dams 
by Mr. Geo. Y. Wisner, which we print in this 
issue, calls to mind the discussion of the relative 
merits of straight and of curved masonry dams 
which was carried on in this journal a dozen years 
ago. Since that time enough experience has ac- 
cumulated with respect to the design of dams 
and their behavior to make the merits of the 
question clearer; and there is a strong tendency 
toward the more general use of curved dams, 
wherever the topography renders the combina- 
tion of arch action with retaining wall action ad- 
vantageous. 

Another point emphasized by Mr. Wisner is the 
liability of a gravity dam to fail by sliding on its 
base, or in some part of its section rather than 
by opening the joints on its water face, accord- 
ing to the orthodox theory. This matter has b:en 
so well impressed on engineers by the notable 
dam failures of the last half dozen years that at 
the present time great care is being taken to tie 
dams to the bed rock on which they are formed. 

The use of steel in connection with masonry 
Structures, too, deserves all the emphasis that 
can be given to it. Accumulated experience shows 
that masonry as it is actually laid is far from 
being a monolithic mass, and when it fails under 
Stress it fails by disintegration. The extensive 
use of concrete-steel has familiarized engineers 
with the practice of burying steel in masonry 
structures and with the value of such steel in en- 
abling the structure to withstand tensile and 
transverse stresses. It is not that the steel en- 
ables the section of the masonry to be reduced, al- 
though this may often be the case. The advan- 
tage lies in the fact that the stecl binds the whole 
mass together and makes it stronger and more 
durable than it could be made by any mere in- 


crease of its section. It seems reasonable to sup- 
pose that the use of embedded steel in masonry 
will be of the greatest value in tropical countries 
where temperature strains are most destructive. 


> 


American engineering societies and engineering 


journals are so busy keeping pace with present- 


day progress that they seldom find time to take 
a long look backward. On the other side of the 
water it appears to be different. In the last batch 
of papers issued by the Institution of Civil Engi- 
neers we find one entitled “The Erection of the 
Nairne Viaducts near Adelaide, South Australia.” 
On examining the paper we find that the viaducts 
in question were erected 19 years ago, and more- 
over that they were built by the Edge Moor Iron 
Co. of Philadelphia. Yet we doubt not there are 
many young engineers who share the prevalent 
impression that American bridges and locomotives 
have never found a foothold in foreign countries 
until within the last few years. 

It should interest those who are thus ignorant 
of the earlier victories of American engineering to 
read the following paragraph from the paper in 
question: 


At the Garden Palace Exhibition, opened in Sydney, N. 
S. W., towards the end of 1879, one of the most inter- 
esting engineering exhibits was one span of a road-bridge 
to be erected over the Shoalhaven River by the Edgemoor 
Iron Company of Philadelphia, .U. S. A. Taking advan- 
tage of the presence of Mr. Onward Bates. the Company's 
Engineer, in Australia, Mr. H. C. Mais, M. Inst. C * 
then Engineer-in-Chief of South Australia, invited him t 
submit a design for the viaducts. After some slight al- 
terations made by Mr. Mais, the design and strain-sheets 
were submitted and agreed upon, and a contract was en- 
tered into for the supply and erection of the fronwork. 
The whole of the ironwork and erecting-gear was on board 
ship in New York Harbor within 30 days of the receipt 
of the plans and specifications at the Company's office in 
Philadelphia. 

So it seems they knew how to hustle in those 
days, too! 

Further on we are told that the contract price 
for the supply and erectionof the ironwork was £40 
per ton fora little over 250 tons. When it is re- 
membered that materials cost more in those days, 
that the order was a small one, and that the risks 
of transportation half way round the globe and of 
final erection had to be assumed, the price seems 
very reasonable. 

The author concludes his paper with the follow- 
ing admirable testimonial to the excellence of 
American bridge engineering: 

When the ironwork was finished everything was found 
to be absolutely correct. The present Engineer-in-Chief, 
Mr. A. B. Moncrieff, M. Inst. C. E., recently reported 
that the viaducts have been used for public traffic for 19 
years, and are in first-class condition and perfectly safe. 


A NEW WATER SUPPLY FOR NEW YORK CITY. 


The need of a wider margin between the water 
consumption and the available water supply of 
New York city has long been realized, and various 
investigations have been made within the past 
few years to determine the best sources for such a 
supply. The Ramapo scheme which roused such 
a stand of public opposition in 1899, contemplated 
a supply to be furnished by a private company at 
a high rate per million gallons, and this was fol- 
lowed in 1900 by the Merchants’ Association in- 
vestigation and also an independent investigation 
made by Mr. John R. Freeman for the then City 
Controller. Each of these investigations showed 
that ample water supplies could be obtained at 
less cost to the city than that offered by the Ram- 
apo Co. 

Following these two reports, the Water Depart- 
ment of New York city began surveys in the Cats- 
kill region, and all these projects and investiga- 
tions had been preceded some years earlier, prior 
the formation of Greater New York, by extensive 
investigations on behalf of the old city of Brook- 
lyn. 

In December, 1902, the present New York mu- 
nicipal administration wisely concluded to insti- 
tute a comprehensive and authoritative investiga- 
tion of the water supply of the city, including the 
alleged waste of water from the existing distri- 
bution system, and the future needs of the city as 
to quality, quantity and pressure. Accordingly a 
commission was appointed, consisting of Prot. 
Wm. H. Burr, Chairman, and Messrs. Rudolph 
Hering and John R. Freeman. The commission 
was authorized to make a thorough inquiry, was 
given nearly a year for its work, and was liberally 


provided with funds. Each of the members of the 
commission appointed was already more or less 
familiar with the ground to be covered. Mr. Free 
man in particular had made the special report al- 
ready mentioned, and Mr. Hering was a member 
of the committee which prepared the Merchants’ 
Association report. 

The commission speedily gathered a staff of en- 
gineers who had been connected with some of the 
largest water supply works in this country, be- 
sides which it had the active co-operation of the 
New York Department of Water Supply, Gas and 
Electricity, under the direction of Messrs. Robert 
Grier Monroe, Commissioner, and Nicholas S. Hi], 
Jr., Chief Engineer. 

The first progress report of this commission, set- 
ting forth its main conclusions, is printed in full 
elsewhere in this issué. 


Briefly summarized, the commission recommends 
the provision of an additional supply of 500,000,. 
000 gallons per day of water, drawn from the up- 
land reaches of tributaries of the Hudson Wing 
north of the present Croton drainage area. This 
would be a high level, gravity supply of filtered 
water, brought to the city through one large aque- 
duct, mostly in tunnel. An aqueduct of 500,000,- 
000 gallons daily capacity for practically its whole 
length, and dams, reservoirs and filters to pro- 
vide a supply of 200,000,000 gallons daily, would 
cost about $50,000,000, and such works are rec- 
ommended for immediate construction. 

Rarely is a report made on a great engineering 
project under conditions so favorable to the uni- 
versal endorsement of men, methods, and con- 
clusions. 

The report, as already indicated, follows a numn- 
ber of years agitation for a new supply, during 
which several important studies of the subject 
were made. The present investigation may be con- 
sidered largely as a continuation, under more fav- 
orable circumstances, of the former ones, and 
since it has been so largely under the direction ot 
the same guiding minds its conclusions are nat- 
urally in general accord with those of the earlier 
reports, modified, however, by later developments, 
more thorough research, and particularly by the 
fact that this has been an official and designedly 
a final investigation. 


Beyond all these weighty reasons for confidence 
in the report we have the inherent reasonableness 
of its conclusions. It has long been evident that 
an additional water supply for New York city 
must be taken either from the Hudson River 
above Poughkeepsie, which must be first filtered 
and then pumped to the city, or else from some 
upland stream or streams whence it could be de- 
livered by gravity. 

The engineers on the Merchants’ Association 
committee in 1900 recommended the former source. 
Mr. Freeman advised the latter. Fortunately for 
the city of New York the further and more de- 
tailed studies of the present Commission show 
that an upland gravity supply can be delivered 
near the northern limits of the city, at a compar- 
atively high elevation (some 300 ft.) for about the 
Same unit cost as a pumped and filtered supp!y 
from the Hudson, 

If the choice lay between the filtered Hudson and 
the unfiltered upland water probably not a few 
of the most advanced engineers and ganitarians 
of the day would prefer the filtered river water, 
but happily the plans and estimates include filtra- 
tion for the upland water as well. In addition, 
the latter will have the great benefit of large 
storage, with sedimentation and bleaching of the 
water, and with the marked reduction, if not 
elimination, of such pathogenic germs: as may 
find their way into water gathered from even th> 
most sparsely populated drainage areas. In short, 
the commission’s plan combines the best features 
of the two main alternative plans. 

Besides this, in recommending that the entire 
water supply of New York city, the present as 
well as that proposed to be furnished, shall be fil- 
tered, the Commission proposes to put New York 
city in line with the most advanced ideas of san- 
itarians in this country and with the best prac- 
tice of the water-works engineers of Europe. 

This report illustrates to a remarkable degree’ 
the great value of high class of expert advice in 
modern municipal administration. An excellent 
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illustration of this is the work which was done by 
the Commission’s specialist on pumping engines. 
We learn that the tests made by him on the high 
service pumping engines in Manhattan Borough 
showed one pump with 60% and another with 65% 
of slip. Overhauling these and other pumps re- 
sulted in so great an increase in capacity as to 
permit shutting down one or more engines. Al- 
together, a saving of thousands of dollars a year 
to the city was thus effected. Indications are 
that at the Brooklyn pumping stations, where 
much more water is handled, $75,000 a year can 
be saved to the city by proper attention to the 
pumping machinery. 

Less obvious in importance, so far as the gen- 
eral public is concerned, but perhaps even more 
striking to engineers, are the prominence of the 
bacterial, chemical and physical studies of water 
as a part of the investigation. The detailed re- 
sults of these are not given in the report, but their 
importance is plainly evident, as is also the prom- 
ising special work on the character and amount 
of the underground water supplies of Long Island. 
These waters have long been notable and the re- 
sults of the special joint study by the commission 
and the U. S. Geological Survey will be awaited 
with great interest. 

Still another phase of specialization worthy of 
mention is the water waste investigation by 
means of the pitometer, in connection with plumb- 
ing and sewer inspection. The most recent de- 
velopments in this line were set forth at length in 
our issue of Sept. 24. 

While large credit is to be awarded to the spe- 
cialists who have carried out these various lines of 
work, to give such credit detracts nothing from 
the value and importance of the work done by the 
members of the Commission themselves. It has 
been their task to bring all the work of the spe- 
clalists together, submit the results to analysis, 
and base their final conclusions upon the largest 
possible knowledge of the problem. Such work 
demands the highest grade of professional talent. 
The results attained in this case thoroughly jus- 
tify the policy of making up such commissions en- 
tirely of engineers instead of the opposite prac- 
tice, still too common, of appointing a set of more 
or less distinguished citizens, or politicians, to act 
either as amiable figure-heads or else to interfere 
with that little knowledge which is proverbially 
dangerous. 


LETTERS TO THE EDITOR. 


Making Sua-Prints from a Print. 


Sir: If ‘Young Engineer,” who inquired in your issue 
of Sept. 10 how to make a sun-print from another print, 
will use thin brown print paper instead of blue he will get 
what he wants. Several firms make such paper. The light 
goes through the white lines and he will secure a nearly 
white ground on the print with dark lines. If he still 
wishes to use blue prints he can make the white lines 
more transparent by carefully going over them (as in 
tracing) with the following varnish: Canada balsam, 1 
part; spirits of turpentine, 3 parts; alcohol, 1 part, all by 
volume, Use the varnish as you would ink. It is a 
nuisance and thin brown prints make better negatives. 

Engineer. 

Chicago, Ill., Sept. 20, 1903. 


Waterproofing Masonry. 


Sir: Referring to the request of Capt. H. M. Chittenden 
and your attached editorial of Sept. 10, concerning the pro- 
tection or waterproofing of exposed surfaces of stone or 
brick masonry, kindly grant me space for a few com- 
ments on the subject which, while not based on actual ex- 
periment, may perhaps lead to further investigation and 
throw more light on this important question. 

Your remarks on the paraffine getting into the pores of 
the stone of the Egyptian obelisk, call to mind the method 
suggested by some author of filling up the pores with some 
insoluble substance which would thus prevent the mois- 
ture from getting into the stone. 

Calcium silicate is a common ingredient of most stones 
and an insoluble silicate of calcium or lime can be ob- 
tained by treating the stone with a weak solution of sili- 
cate of potash and then applying a solution of chloride of 
calcium. Calcium silicate is more durable than sandstone, 
and a solution of this would not discolor a stone, since 
both solutions of which it is made are colorless, and the 
resulting insoluble compound is white. Neither of the 
chemicals used is very costly. 

In the case of a monument or masonry already built, 


these solutions can be applied as a wash, but in the case 
of new masonry, the stone should be soaked. 
Very respectfully, Geo. F. Syme. 
Raleigh, N. C., Sept. 21, 1903. 
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The Comparative Strength of East River Bridges ; Exist. 
ing and Proposed. 


Sir: In a communication to the Engineering News, pub- 
lished in your issue of July 30, and In a letter to the 
Board of Aldermen, dated July 31, Bridge Commissioner 
Lindenthal asserts that the proposed Manhattan bridge, if 
built on the new plan, originated by himself, would have 
“a capacity 40% greater for the cables and 80% greater 
for the stiffening features, than provided in the first plan, 
as well as that of Williamsburgh bridge.” 

This claim is based on a comparison between the live 
loads assumed for the different bridges. It was stated 
that the Williamsburgh bridge, as well as the first design 
for the Manhattan bridge, was calculated for a live load of 
5,700 Ibs. per lin. ft. for the cables, and for one of 4,500 
Ibs. per lin. ft. for the stiffening trusses, while the new 
design was alleged to be proportioned throughout for a live 
load of 8,000 Ibs. per lin. ft., and, in addition thereto, 


_that it was capable of carrying safely an emergency load 


of 16,000 lbs. per lin. ft. 

It was specially pointed out to the Aldermen that ‘‘no 
such emergency load (double the working load) was con- 
sidered or provided for in the Williamsburgh bridge, or 
in the first plan for the Manhattan bridge.’’ 

There is something wrong in these statements. They 
might be correct if the strength of a structure could be 
gaged by a mere assumption of live loads on paper with- 
out considering the factor of safety of the bridge, but 
actually the strength of these bridges depends on the 
stresses the loads produce in the cables and their rela- 
tion to the strength and elastic limit of the latter. 

If Mr. Lindenthal had calculated the tensions in the 
cables of the Williamsburgh bridge and of the first de- 
sign for the Manhattan bridge, as well as those in the eye- 
bar chain of his design, and compared these stresses with 
the respective strength of the cables, he would have been 
forced to reverse his statement and confess that, instead 
of being 40% stronger, the eye-bar design is at least 55% 
weaker than the old design or than the Williamsburgh 
bridge. All data necessary for making these calculations 
are contained in Mr, Lindenthal’s different publications, 
and the formulas for determining the minimum and max- 
imum stresses in suspension cables are so simple and well 
known that they need not be repeated here. 

I have carried out these calculations for the old and new 
design of the Manhattan bridge, for the Williamsburgh 
bridge, and for the old Brooklyn bridge, and I submit 
herewith the results, which, for convenient study, have 
been placed in tabular form. 

It will be noticed that two values are given for the 
strength of the eye-bar chain—one based on a tenacity of 
42.5 tons per sq. in. with an elastic limit of 24 tons, as 
found in testpieces according to the report of the Board of 
Experts, and another value based on the ‘“probable’”’ 
strength of full-sized eye-bars which, according to past 
experience,is 22% less than that of testpieces,with a reduc- 
tion of about 10% in the elastic limit. The true strength 
of this chain will only be known after a sufficient number 
of eye-bars, of the required huge dimensions, have been 
manufactured and tested. It is different with the strength 
and elastic limit of wire cables, where no guessing is nec- 
essary. The values given in the table are the results of two 
tests of every wire, aggregating over 60,000, in the cables 
of the Williamsburgh and Brooklyn bridges. The figures in 
column 7 are usually called the ‘‘factors of safety’’ for the 
bridge, which means that the strength of the cables is 
three, four (or whatever the factor may be) times strong- 
er than the stresses in the cables, due to the combined 
dead and live loads of the bridge. These factors show, 
for instance, that for a live load of 8,000 lbs. per lin. ft. 
(equal to 57 Ibs. per sq. ft. of floor), the factor of safety 
of the Williamsburgh bridge is from 47 to 88% greater 
than that of the eye-bar design for the Manhattan bridge, 
The difference in the percentage refers to the strength of 
the chain, whether it be that of testpieces or the more 
probable strength of finished eye-bars. In place of being 
40% stronger, as claimed by Mr, Lindenthal, the eye-bar 
design is, therefore, at least 40% weaker than either the 
Williamsburgh bridge, or the original design for the Man- 
hattan bridge! Even the factor of safety of the old 
Brooklyn )ridge is, for the same live load, from 16 to 50% 
greater than that of the Manhattan eye-bar bridge. 

Many engineers have become accustomed to refer the 
degree of safety of a structure, not to the ultimate 
strength of the material but to its elastic limit. There 
are good reasons for recommending this practice, though 
it has never come into general use. All theoretical calcu- 
lations are only correct within the elastic limit of the ma- 
terial, and it is universally agreed by all engineers that 
any bridge or part of a bridge, strained beyond its elastic 
limit, has become crippled and must be considered unsafe. 
In column 8 of the table the total elastic limit of the wire 
cables and eye-bar chains are recorded, and the ratio 
of the maximum stresses to the elastic limit of the 
cables are enumerated in column 9. According to the lat- 
ter figures, ‘“‘factors of safety for elastic limit,’’ the com- 


parative safety of the eye-bar bridge will appear j;, 

more unfavorable light than if referred to the 
strength. The safety of the Williamsburgh bric. 

for the same live load. be from 120 to 145%, and : ' 
the old Brooklyn bridge from 78 to 100% greater +), 
safety of the Manhattan bridge after the new desig 

To comply with the popular understanding of a 
factor. I have added two more columns to the 
which give the actual carrying capacity of each 
after the elimination of its own weight. In column | 
tors are given with which each assumed live load » 
multiplied to produce, in combination with the de. 
stresses in the cables equal to their elastic limit. 
umn 11 these multiplications are carried out and 1) 
amount of live load per square foot of floor is rev 
which each bridge is capable of sustaining befo: 
crippled by exceeding the elastic limit of the cat 

Comparing the latter figures, it will be seen ¢) 
Manhattan bridge, as originally designed, is, ¢ 
tively, the strongest of all East River bridges; 1: 
the same degree of safety, the carrying capacity , 
Williamsburgh bridge is from 2 to 244 times, and - 
the old Brooklyn bridge from 1% to 2 times greati 
the carrying capacity of the Manhattan bridge, 
present proposed to be constructed! 

Therefore, the boasted strength of the eye-bar b: 
turned into weakness, and the ‘“‘emergency load” js ; 
a name or an illusion, but no practical fact for 
therewith, the merits of the proposed Manhattan b: 

The facts, elucidated in the “above-described tab 
alone sufficient to condemn the new design for th: 
hattan bridge, even if it had no other objectic 
features. One of these latter is the increased cost of th 
bridge. It stands to reason, without Boing into caicula- 
tions, that the eye-bar design, which, in its present forr 
has a superstructure twice as heavy as that of the o 
nal design, must cost more than the latter, Mr. Linden- 
thal, in his letter to the Aldermen, acknowledges that his 
bridge would cost ‘‘only’’ 2U% more than the Williams- 
burgh bridge. I venture to predict, however, that the 
Manhattan bridge will not be built on the Present plan. 
After the true facts, as explained herein, are once kiuown 
and understood, the public will never permit that a yew 
bridge be erected which has less safety than the old 
Brooklyn bridge. To build an eye-bar chain bridge of the 
Same strength as the Williamsburgh bridge means that the 
chain must be at least five times the size designed in the 
Present plan, which will increase the cost of the b: dge 
enormously. I have repeatedly proved by figures that the 
Manhattan bridge, built with eye-bar chains and con- 
Structed on the more economical plan of the Willims- 
burgh bridge, will cost at least $3,0U0,C00 more than the 
latter, but if built on the Lindenthal plan it will cost 
$5,000,000 more. The correctness of the calculations lead- 
ing to these results, which were published mouths ago, 
has never been disproved. 

Another feature of the new design for the Manhattan 
bridge, on which Mr, Lindenthal has laid stress is its 
alleged stiffness. Mr. Lindenthal states that the center 
span, if loaded with a live load of 16,000 lbs. per lin. ft, 
while the end spans are unloaded, would deflect only 23 
ins., that “‘the suspension bridge would be as rigid as a 


truss bridge,’’ and that ‘‘any accumulations of loaded cars 
would affect its strength as little as if it were on solid 
ground.” I have reasons to doubt the correctness of these 


statements, but if they were true they would only prove 
that Mr. Lindenthal’s plan does not embody the genuine 


suspension bridge principle, and that it was designed for 
conditions not characterizing a long-span su-pen-ion 
bridge, but a short-span truss bridge! There is no more 


sense in constructing a suspension bridge as rigid as a 
truss bridge than there is in attempting to make a sitevl 
truss as rigid as a stone bridge. Each type of bridge 
has its peculiarities. If a stone bridge were as flexible 
as a truss bridge it would collapse, and a truss bridge 
would collapse if it were as flexible as a properly con- 
structed suspension bridge. The advantage of a suspen- 
sion bridge is its flexibility combined with safety and use- 


fulness, which makes it possible to span a great waterway 
at a much more reasonable cost than can be done with any 
other kind of bridge. An attempt to impose on ove type 


of bridge the conditions necessary for another type, ¢spe- 
cially if, as in the case of the Manhattan bridge, it is done 
at an enormous cost and at the expense of the streneth 
and safety of the structure, is, in my opinion, a serous 
blunder. 

At another opportunity I have stated that the stiffe 
construction of a suspension bridge is a luxury, and 50! 
necessity. It can be dispensed with, without impa: 
the strength of the bridge, but for the comfort of pa 
gers and teamsters, it is desirable to stiffen the floor su fi- 
ciently to prevent marked and abrupt changes in ‘'° 
grade, and strong vibrations. ll rigidity, beyond makiug 
the bridge practical and comfortable, is not only u 
essary and wasteful, but also undesirable. The stiffer: 's 
trusses of the Brooklyn bridge weigh less than 2,00 
per lin. ft., but is there anybody who was ever preven'*! 
from crossing that bridge or who felt uncomfor.able «= 
count of the flexibility of the floor? On the contrary, '4 
the center of the bridge where the motions are grea’ 
they are noticed much less than within the towers wher 
the trusses may be said to rést on solid ground, but whei 
a passing heavy vehicle causes short and sharp vibratioz 
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which are distinctly felt and are much more disagreeable 
than the easy and long undulations of the center span. 

A similar observation can be made on the Cincinnati 
bridge. The end spans have the stiffness of a truss bridge, 
but the motions of the floor, though smaller than those of 
the center span, are felt much more distinctly than on the 
river span, which has only the stiffness of a suspension 
pridge. The stiffening trusses of the Williamsburgh 
bridge weigh 3,800 Ibs. per lin. ft. That this bridge is 
very rigid was proved by the traveling crane for erecting 
the superstructure which weighed 80 tons, distributed over 
a space of about 25 to 30 ft., and which, before the trusses 
were erected, caused so little local deflection in the floor 
that an unpracticed eye did not notice it. The stiffening 
construction of Mr. Lindenthal’s eye-bar bridge weighs 
5,250 Ibs. per lin. ft., or 38% more than that of the Will- 
jamsburgh bridge. The late Geo. S. Morison, one of the 
five experts appointed for examining the new plan for the 
Manhattan bridge, told me personally that he considerei 
the Williamsburgh bridge much too rigid, and that the 
heavy stiffening trusses were unnecessary and wasteful 
According to his judgment, a flexible truss not over 10 ft. 
high would be ample for stiffening a highway . bridge 


First I desire to refer to the repeated statement by Mr. 
Hildenbrand, that the Manhattan bridge with eye-bar 
chains will cost from three to five million dollars more 
than with steel wire cables. Mr. Hildenbrand asserts 
that he has proved this in an article published in En- 
gineering News, March 12, 1903, and that his estimates 
given therein have never been disproved. Mr. Hilden- 
brand had an opportunity, at his request, to present his 
so-called proofs to the board of five bridge experts ap- 
pointed by Mayor Low to examine the design for the 
Manhattan bridge. The board gave him a patient hear- 
ing, but after careful consideration of his statements, 
concluded to take no further notice of them. Neither did 
I consider it necessary to reply to them. The ‘‘proofs’’ 
were mostly based on imaginary standards and condi- 
tions, as to quality of steel, degree of stiffening, factors of 
safety, etc. They had no relation to the actual design 
and strain sheets of the Manhattan bridge, which Mr. 
Hildenbrand had never seen. He alleged, for instance, 
that the eye-bar chain would weigh 46,440,758 Ibs. for the 
working live load of 5,700 Ibs. per lin. ft., assumed by him, 
the same as that of the cable in the Williamsburg bridge. 


River, existing or designed on the basis of their cables 
alone. His data for the original design for Manhattan 
bridge, the plans for which were never completed, are 
not authentic, 

According to that table, the Brooklyn bridge, for in- 
stance, could sustain a live load of 16,000 Ibs, per lin. ft., 
with a factor of safety in the cables of 1.815. Yet long 
before that load were imposed upon one-half of the bridge, 
the stiffening girders and flooring would be wrecked. The 
full load would upset the anchorages, and the cables, torn 
from their roots, would knock the stone towers over into 
the East River. 

What is the sense of comparing suspension bridges of 
radically different design on the basis of strength of ca- 
bles alone, and ignoring the strength of other parts of the 
bridge? The cables may have a factor of safety of ten, 
and yet if the floor and stiffening system are weak the 
bridge would be unfit for use. 

Would any one think, in comparing arch bridges (such, 
for example, as those shown in Figs. 1 and 2, which repre- 
sent the inverted forms of the Manhattan and Williams- 
burg suspension bridges), of basing their carrying capac- 
ity upon the cross section of the arch ribs, without also 


s 9 10 11 


1 2 3 + 5 6 7 
Ratio of Factors with Total live load 
stresses enu- which the assum- per sq. ft. of 
Ultimate merated in : ed live loads must floor necessary 
Dead load Live load strength of column 4 to — be multiplied to for reaching 
Name of Bridg>. per lin. ft. per lin. ft. ‘an cables or ultimate to elastic Limit ,Preduce stresses the elast. limit 
lie to chains, strength of of cables or in cables orchains of the cables 
cables or equal to their and crippling 
Be chains, ss elastic limit, the bridge. 
Ibs. tons. sq. inches. tons. tons. “Ibe. 
(Original design) (= 48 Ibs. per 19,112 4.688 3.976 12.072 
(Wire cables.) sq. ft.) 
8,000 900 89,600 76.000 
ea 1,465 ft. 15,500 (= 67 Ibs. per 21,185 (uniform.) (= 112 tons 4.224 (= 95 tons 3.583 8.600 576 
8q. ft.) : per sq. in.) per sq. in.) 
flection........ 
Deflectio 4 16,000 
Width of floor, 119 ft. (= 134 Ibs. per 28,395 3.156 2.676 4.300 ‘. 
8q. ft. of floor.) 
(a) 91,630 51.744 
“ Manhattan” 5,700 (acc. to 51,7 
(a) 3.102 (ace. to elastic (ce) 1.752 (ce) 6.006 
(New design) (= 40 Ibs. per 29,538 strength of 
(Eye-bar chains.) 8q. ft.) testpleces = (0) 2.419 
8,000 tons per sq.in.) 
2,156 af (a) 2.925 (d) 46,569 (ec) 1.652 (ce) 4.278 (c) 242 
Span ........ $4,208 (average) (0) 2.281 (acc. to prob- 1.486 (d) 3.447 (a) 194 
Deflection... ....4 able strength 
Width of floor, 141 ft (= 113 The. per 87,555 eye-bars= (4) 2-430 1.379 (c) 2.139 
ae 8q. ft. of floor.) 33.15 tons per (b) 1.903 ae — (d) 1.240 (d) 1.723 
sq. in.) 
5,700 
(Wire cables.) (= <3 per 21,003 4.750 4.031 12.345 
ar 8,000 891.28 99,761 84,672 
(= 111.9 tons (= 95 tons per 
1,600 ft. 15,6382 (= per 23,268 (uniform.) per sq. in.) 4.298 8q. in.) 3.648 8.795 496 
Deflection, .... 
16,000 
Width of floor, 141 ft. (= 113 Ibs. per 31,143 3.203 2.719 4.397 
8q. ft.) 
2,500 
“Brooklyn” 
(Wire cables.) ee pig a per 12,982* 4.025 3.479 11,614 
4,454 590.4 52,248 45,164 
Span .......1,595.5 ft. 8,204 (= 57 lbs. per 15,352 (uniform (= 88.5 tons 3.404 (= 76.5 tons 2.942 6.528 370 
8q. ft.) ) per sq. in.) per sq. inch.) 
Deflection ,....y} 5 
8,908 
Width of floor 78.5 ft. = 113 Ibs. per 20,753 2.518 2.176 3.260 
8q. ft.) 
16,000 
(= 204 Ibs. per 29,345 1.780 1.539 1.815 


8q. ft. of ficor.) 


* NOTE.—The cables of the Brooklyn bridge are assisted by a system of stays, hence the tension in these cables is abqut 10% smaller than in cables unassisted by stays 


Spanning the East River. Iam not sure whether I would 
endorse all of Mr. Morison’s suggestions about stiffening 
trusses, but I fully agree with his general idea that it is 
not unbounded rigidity which an economically and scien- 
tifically constructed suspension bridge should possess, but 
a reasonable degree of flexibilty! 
W. Hildenbrand, C. E. 
1 Broadway, New York, Sept. 2, 1903. 


(A proof of the above letter was submitted to 
the Commissioner of Bridges with an invitation 
to present a reply for publication in the same 
issue as Mr. Hildebrand’s letter. We append the 
Commissioner’s response.—Ed.) 


Sir: I appreciate your courtesy in affording me the 
opportunity to reply to Mr. Hildenbrand’s communica- 
tion. A wide discussion of such an important structure 
as the proposed Manhattan bridge can only be welcomed. 
Had such discussion and an examination of plans by a 
board of experts preceded the construction of the Brook- 
lyn, or, later, of the Williamsburg suspension bridge, an 
improvement in design would probably have resulted in 
both cases. 


Ibs., which is 40% greater, and yet with that greater live 
load the chains will weigh only 29,040,000 Ibs., as shown 
in my table of comparison of eye-bar chains and steel 
wire cables (published in Engineering News, June 25, 
1903). 

Mr. Hildenbrand also asserted that no nickel steel 
eye-bars of the desired quality and size could be ob- 
tained. Further, he charged that the Bridgo Depart- 
ment wasted the city’s money. ‘ 

The entire steel superstructure, including chains, tow- 
ers, stiffening, floor, etc., of the Manhattan chain bridge 
(designed for 8,000 Ibs. working load and 16,000 lbs. emer- 
gency load) will not exceed 90,000,000 Ibs., and when es- 
timated at current prices would cost about $5,600,000. 

If a steel wire cable structure would cost $5,000,000 less, 
as Mr. Hildenbrand asserts, then the entire superstruc- 
ture for a wire cable bridge, including towers, should 
cost the city only $600,000, or about $200 per lin. ft. The 
superstructure of the much lighter Williamsburg bridge 
cost $1,420 per lin. ft. That should suffice to show the 
absurdity of Mr. Hildenbrand’s assertion. 

Equally preposterous and misleading is Mr. Hilden- 
brand’s latest communication and table, purporting to be 
a@ comparison of the suspension bridges over the East 


taking into consideration the weight and strength of the 
stiffening or bracing of the arches and that of the floor? 

It is one of the first rules of good bridge designing that 
a bridge and every member in it must be safe under any 
condition or grouping of live loads which will produce the 
maximum stress. That applies to suspension bridges just 
as well as to arch or other bridges. The only difference is 
that a suspension bridge, being in stable equilibrium, can- 
not collapse if the stiffening system is weak. Upon that is 
based the greater safety of the suspension bridge in case 
of accidents, as, for instance, when a train derailment 
might knock out one or more braces. An erect arch 
would be destroyed, but the suspended arch would still 
stand. Depending upon that feature, many suspension 
bridges have been built with a weak stiffening system or 
none at all. It is not a permissible economy to do this, 
however, in a suspension bridge intended for a heavy 
railroad traffic (elevated and trolley) in a city like New 
York. 

Mr. Hildenbrand’s table gives factors of safety for the 
cables when strained to the maximum from live load, that 
is, when the span is fully covered. . 

No stiffening truss is required for that condition of load- 
ing. He could have safely left off the weight of the 
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stiffening trusses and obtained still higher factors of 
safety for the cables. But when that same live load covers 
only a part of the span, then the stiffening trusses come 
into action and their weight is a most important part of 
the dead load borne by the cables. It cannot be omitted 
or minimized in a fair comparison. 

The floor construction and, especially, the stiffening of 
the wire cable bridges in Mr. Hildenbrand’s table, are very 
inferior to that of the Manhattan chain bridge, with which 
they are compared. The Manhattan Bridge is designed 
with a fireproof buckle-plate floor, absent in the other 
bridges. A comparison of that sort is obviously of no 
value. 

The weight of the stiffening frames depends upon their 
form and upon the degree of rigidity desired in the bridge. 
For a heavy railroad traffic, such as all East River bridges 
inust accommodate, the rigidity desired is the same as for 
an erect arch bridge. or for a cantilever bridge of equaf 
span. Estimates show that a cantilever bridge (for length 
of span up to 1,800 ft.) Is cheaper than a steel wire cable 
suspension bridge combined with parallel chord stiffen- 


ble trusses are relieved of a larger proportion of the live 
load through the greater sagging of the cables. Such a 
structure is inferior in rigidity, but for slow speeds would 
be stiff enough. 

The Brooklyn bridge is an example of an insufficiently 
stiffened suspended structure, carrying the concentrated 
load of elevated railroad trains, besides trolley trac’: and 
roadway traffic. It has four tracks, over which trains and 
cars must move comparatively slowly. Stringent rules are 
necessary to keep the cars evenly distributed, and to pre- 
vent rupture of the stiffening trusses, which are of an 
antiquated pattern, defying computation. With all pos- 
sible precautions against overstraining and buckling of 
the chords, it cannot be prevented altogether. Repairs are 
continuous and expensive. The rebuilding of the sus- 
pended structure cannot be much longer deferred. The 
cables are safe enough for present loads, but they would 
not be so if the floor construction and the stiffening 
trusses were of modern and heavier construction. Nor 
would the towers and anchorages suffice for the heavier 
loads. Cables, towers and anchorages can, however, be 


FIG. 1. DESIGN FOR THE MANHATTAN BRIDGE WITH WIRE CABLES. 


ing trusses, which is not as rigid. But the suspension 
type has been chosen for the Manhattan bridge on ac- 
count of its better appearance. The stiffening frames are 
attached directly to the four chains which form the upper 
chords. These frames are equal in rigidity to stiffening 
trusses in the average 62 ft. high, and weight on the 
average 5,200 Ibs. per lin. ft. of bridge, if constructed of 
structural steel. But if constructed of nickel steel, their 
weight will be only 3,910 Ibs. per lin. ft. These stiffening 
frames will make the suspension bridge as rigid as a 
cantilever bridge for a live load of 8,000 lbs. and an 
emergency load of 16,000 Ibs. per lin. ft. 

The same unit stresses which are sanctioned by good 
practice for railroad cantilever, arch and truss bridges, 
are applicable to suspension bridges. The factor of safety 
in the Manhattan chain bridge will relatively not be less 
than in the great Forth cantilever bridge in Scotland (the 
largest bridge in existence, having among others two 


utilized for a strong double deck structure, when the 
time comes for its reconstruction. That is a story for 
another occasion. 

The experience with the. stiffened railroad suspension 
bridge (800-ft. span) over the Niagara River (rebuilt six 
years ago with a rigid arch bridge) proved clearly that it 
was poor economy to save in the sections and weight of the 
stiffening trusses. They had a depth of 20 ft. or about 
1-40 of the span. They had a flexibility which Mr. Hil- 
denbrand would call reasonable. But trains could move 
over the bridge only at a man’s gait, the deflections were 
excegsive, and the steel chords were repeatedly ruptured. 
And although the iron wire cables had an ample factor of 
safety, the bridge had finally to be taken down, and was 
replaced by a rigid arch bridge on which there is no re- 
striction of speed. 

According to Mr. Hildenbrand, the stiffening of the 
cables is a luxury and not a necessity. As well might 


to building a bridge of his own designing, his experi 
having been mostly in the making of wire cables. 

Mr. Hildenbrand quotes the late Mr. Geo. S. Mo: 
as saying that he considered the Williamsburg brid: 
much too rigid, and the heavy stiffening trusses wast 
also that he considered trusses of 10 ft. high enough 
a highway bridge over the East River. 

I believe I am familiar with Mr. Morison’s views, w! 
he had discussed with me. I agreed with him that : 
stiffeners of 10 ft. in height were ample for a high 
suspension bridge of 1,600 ft. span and with a flat ca 
ary. But none of the East River bridges are purely 
way bridges. They are more for railway traffic than 
wagon and pedestrian traffic. The rail traffic is the P 
cipal traffic, and requires rigid structures. 

Mr Morison’s view of the Williamsburg bridge tru 
as expressed to me, was that they would have 
stronger if made only one-half the height, but with 
same weight of metal in them. In that view | .; 
agreed with him, but this is a quite different Opinion 
from the one ascribed to Mr. Morison by Mr. Hild.» 
brand. 

Mr. Morison’s opinions of stiffening trusses are embo. 
in his paper, ‘‘A Study in Suspension Bridges” (Tra: 
Am. Soc. C. E., Volume XXXVI., 1896, p. 360). The v: 
he expressed to me were consistent with those in his ;.- 
per, and also with the report of the Board of Expe:: 
upon the Manhattan bridge, of which he was chairman 

To sum up, Mr. Hildenbrand advocates the use of ste! 
wire cables as against eye-bar chains. It is evid 
from his letters that he cannot discuss the question un- 
biased. He sees nothing good in eye-bar chains. The 
proposed nickel steel cannot be obtained for them. If ob- 
tained, the chains would weigh five times as much as 
the wire cables. That makes a difference of several mi\- 
lions for the chains alone to begin with. Then he pro 


tests against using the same factor of safety in suspe: 


sion bridges which good practice has established for 
arch, truss, or cantilever bridges of same span and 
for same load conditions. He wants at least twice that 
factor of safety for the chains, but will be satisfied if the 
stiffening trusses, being a mere luxury, have no factor of 
safoty to speak of, in order that the genuine principle of 
suspension bridges, which is flexibility, as exemplified in 
the antiquated Brooklyn and Cincinnati suspension bridges, 
may be fully preserved. He also prophecies that no other 
kind of bridge will be built over the East River. 

It may occur to thoughtful engineers, that if Mr. Hil- 
denbrand’s prophecies have the same value as his theories 
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spans of 1,710 ft. each), and over which trains pass at 60 
miles per hour. 

Stiffening trusses for the same live loads, but with par- 
allel chords 35 ft. high, combined with steel wire cables, 
would have an average weight of 10,600 lbs. per lin. ft., 
or about double the weight of the chain stiffening. Not- 
withstanding their greater weight, they would be less 
stiff, because of their lower height. 

Why should the city build inferior flexible steel wire 
cable suspension bridges over the East River when they 
are no cheaper and are less serviceable than rigid canti- 
lever bridges? A chain suspension bridge, with the 
stiffening system as in the Manhattan bridge, is, however, 
just as rigid as a cantilever structure and is no more 
costly. It also has a better appearance than can be given 
to a large cantilever structure. 

In the Williamsburg bridge, the stiffening trusses are 40 
ft. high at the towers and 36.75 ft. at the center, and 
weigh 3,800 Ibs. per Hn. ft. The trusses are continuous 
through the towers and intended for a live load of only 
4,500 Ibs. per lin. ft. For this load the unit stresses are 
practically the same as in the stiffening frames of 
Manhattan bridge for the working load of 8,000 Ibs. The 
working load for the Williamsburg bridge should, how- 
ever, be the same as for the Blackwell's Island cantilever 
bridge, which has the same number of tracks and same 
roadway and promenade capacity. This bridge is com- 
puted for a working live load of 6,300 Ibs. and an emer- 
gency load of 12,600 Ibs per lin. ft. of bridge. No rules 
against the congestion of loads, such as are necessary on 
the Brooklyn bridge, will be needed on the Blackwell's 
Island cantilever bridge, nor on the chain-stiffened Man- 
hattan bridge. But for the stiffening trusses in the Will- 
jamsburg bridge the question has already arisen, whether 
the chords would not be overstrained for certain positions 
of congested loads. It may be very rare, but must be 
considered. The trusses would be safer if, for the same 
weight, they were of lower height. That would give more 
flexible trusses with heavier chord sections. Low, flexi- 


FIG. 2. DESIGN FOR THE MANHATTAN BRIDGE WTH EYE-BAR CABLES. 


he claim that the rails in a railroad track are a luxury, 
because the older construction of flat bars, spiked down to 
wooden stringers, carried the old cars safely enough. 

Mr. Hildenbrand calls a scientifically stiffened suspen- 
sion bridge, passed upon by a board of experienced bridge 
experts, a serious blunder. His preference is for stiffen- 
ing trusses designed by rule of thumb, as in the old 
structures, and he refers to the Cincinnati suspension 
bridge over the Ohio River, which he repaired, as the ex- 
ample of a good suspension bridge. 

To bridge engineers the stiffening system in that bridge 
appears unique, in being probably the most unscientific in 
existence. In that respect the system in the Brooklyn 
bridge is its only rival. The trusses are fixed at the 
towers, but are shallower at that point than at the cen~- 
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on suspension bridges and factors of safety, or his 
knowledge of nickel steel, then it is no greater than the 
value of the weather prophecies in a Farmer’s Almanac. 
G. Lindenthal, Commissioner of Bridges. 
New York City, Sept. 26, 1903. 
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Substitution of Under-Weight Steel Pipe for Wrought- 
Iron Pipe. 


Sir: Will yol invite some discussion on the present 
‘state of the art’’ in the manufacture and use of wrought- 
iron pipe? 

When one places an order for wrought-iron pipe the 
chances appear to be nine out of ten that he will get 
stecl pipe and that it will be somewhere from 5% to 15% 


Manhattan Bridge inverted. 


Wilfiamsburg Bridge inverted. 


FIG. 3. DESIGNS FOR ARCH SPANS FORMED BY INVERTING THE WILLIAMSBURG BRIDGE AND 
THE MANHATTAN EYE-BAR BRIDGE. 


ter, having a curved top chord for beauty’s sake. The 
chords are cut in the center and have slip joints at these 
points, making the wind bracing illusory. Inclined stays 
extend from the towers, presumably assisting the cables, 
but actually having no ascertainable value. The cost of 
the superstructure is greater than that of a cantilever 
bridge. That is the nearest that Mr. Hildenbrand came 


under-weight. If the purchaser insists on full-weight 
pipe he will commonly be told that it will have to be 
made up special and that it cannot be delivered for three 
months, and if he insists on wrought iron perhaps he wi!! 
get it and perhaps he won't, even if it is so named in the 
bill. 4 

There is at least a well-grounded suspicion that stee! 
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uicker, and a widespread opinion 
has less strength than wrought 
h use. 
loss to understand how steel pipe 
Be so much inferior to wrought-iron pipe, but 1 am 
edibly informed that it is because the steel skelp 
= F ipe making is made from steel-works scrap; in- 
deed tha it furnishes the principal outlet for getting rid 


f scrap or rejected metal, and that therefore little or” 


this material possesses the ordinary excellent 
~~ of mild steel as found in boiler plates and 
S. 

with the recent work of 
wells and borings for the Commission on 
Supply, we have also run against this question s 8 - 
pipe versus wrought-iron pipe, in the posal ‘or and 
terial, and the skillful and experienced well-dr wer w 
is superintending this work states that if the welts are 
deep or the ground difficult he could hardly afford to so 
cept ordinary ‘‘merchant wrought-iron pipe’ as a gift, 
hecause of the greater chance of breakage under the se- 
vere strain of driving and pulling. 

Notwithstanding the reports of so eminent an author- 
ity as Prof. Henry M. Howe, that well-made steel will 
probably rust out no faster than wrought iron, sc 
appears to be accumulating to the effect that with suc 
material as we get in pipe, nails and bolts, corrosion or 
oxidation does occur more rapidly. This makes the ques- 
tion a burning one among engineers and one on which 
we hope you can bring out some new light. 

A lot of samples of defective steel pipe were recently 
sent me that were taken from a job of automatic sprinkler 
work put into a large factory at Troy, N. Y., by one of 
the leading contractors in the United States for water, 
steam and gas-piping, and on calling the superintendent 
to account for the fact that some of the pipe was poor 
and had split at the welds and had burrs inside and that 
the whole lot appeared to be much thinner than the 
standard dimensions as given in the engineering books 
and trade lists, we were informed that it is useless to-day 
to expect that ordinary pipe will be thicker than 90% of 
the standard dimensions and he also stated that they had 
practically been driven into the use of steel pipe and of 
accepting a moderate amount of under-weight because 
they could not otherwise obtain reasonably prompt de- 
liveries; that they had to rely on their own inspection 
while cutting, threading and erecting to guard against 
imperfections, and that as to steel versus wrought fron 
they found about as much favorable opinion in favor of 
one as of the other. 

I thereupon asked the engineers of our Insurance In- 
spection Department to look into this question, with a 
view to maintaining a proper standard of work under con- 
tracts for automatic sprinklers and have myself been 
making a few inquiries. 

Sorre diversity of opinion is found, but there is a gen- 
eral concurrence among the replies, some of which I 
quo‘e below, and it is plain that engineers should be on 
their guard and that further investigation will be very 
useful. 

The factory manager of one of the largest contractors for 
pipe work in the United States answered that be be- 
lieved 85% of the total amount of wrought pipe now 
being used in th's country came from the United States 
Steel Corporation; that most of the nipe now being used 
is made of steel: that it is rather difficult to get wrought 
iron because the mills are slow in delivering and appar- 
ently try to make it as inconvenient as they can for the 
purchaser who insists on obtaining wrought-iron pipe; 
that the cost of wrought-iron pipe is about 2% greater 
than for steel pipe. He states further that a few years 
ago when pipe was selling at very low prices by the foot, 
he had much difficulty in obtaining satisfactory weights, 
and about two years ago he began a systematic weighing 
of the pipe received, and that since that time by means of 
judicious grumbling he has been able to obtain pipe that 
seldom runs more than 5% under-weight, 3% under- 
weight being the common figure. That steel pipe ap- 
peared conspicuously as an article of commerce hardly 
more than ten years ago, and at first there was some 
difficulty and complaint about threading it; that the dies 
for doing a neat and rapid job on steel pipe have to be 
different from those best adapted for wrought-iron pipe, 
requiring a sharper angle on the cutting edge. He feels 
very confident that the mills endeavor to sell steel pipe 
whenever possible, and he believes that the steel pipe ts 
more easily rolled and gives the manufacturer a greater 
profit. 

The statements from two large users of pipe in steam 
and water fitting, one of whom has hundreds of work- 
men on pipe contracts scattered all the way from Boston 
to beyond the Mississippi, may be summarized as follows: 

Probably somewhere in the neighborhood of 70% of the 
wrought pipe 1s manufactured by the United States Steel 
Corporation. Of all the steel pipe made it is probable 
that the United States Steel Corporation makes nearly 
90%, and it is reported to be the expectation of the rep- 
resentatives of that corporation that within a few years 
there will be nothing but steel pipe made by any of their 
mills. Most of the Independent concerns outside of the 
United States Steel Corporation make only pipe of smal! 
size, up to say 2% ins. diameter. 


The United States Steel Corporation is understood to make 
nothing but steel pipe, but would quote on iron pipe at 
probably 15% increased price, although their competitors 
wo make iron pipe are obliged to sell it ordinarily at the 
same price at which steel pipe is sold by the United States 
Steel Corporation, even though the iron skelp costs them 
more than the steel. Usually merchant pipe runs not 
more than 10% under-weight, and those in the trade do 
not expect to-day that any pipe will be full-weight, ang 
understand that full-weight pipe would probably have to 
be made up on a special order. 

Pipe of a given nominal size which shows nearly the 
standard weight, is sometimes found to be of excessive 
diameter and thin, and when threaded shows the marks 
of the cutting tool on the inside of the pipe, which being 
noticed leads to its rejection. 

It is stated that notwithstanding evry piece of pipe 
shipped from the tube works is supposed to be tested to 
800 Ibs. pressure before it leaves the works, they often 
find pipes cracked along the weld. Possibly this crack- 
ing occurs during handling and its cause may be traced to 
the skelp having been cut a little narrow so that the edges 
were not forced together in the welding process sufficient- 
ly to become thoroughly cemented. 

We are also told that butt welded pipe is probably less 
strong than lap-welded, and that although formerly the 
dividing line between butt-welded and lap-welded pipe 
was at 1% ins. and 1% ins., respectively, the 1%-in. being 
lap-welded, to-day it is probably rare that one would 
obtain a lap-welded pipe of so small size as 1% ins. unless 
it had been drawn down from a larger size, and that pipe 
as large as 3% ins. Is understood to be made often now 
by the butt-welding process; hence the sizes of from 1%- 
in. to 3-in. as made to-day, may be less strong than as 
formerly made. 

One of the engineers of the Factory Mutual Inspection 
Department has a friend in the pipe business from whom 
he has obtained the following information: 

In our business pipe is pipe as long as it fs the right 
size and can be cut and threaded. 

Either ‘‘merchant pipe’’ or ‘‘full-weight pipe,"’ of either 
iron or steel can be had in the market. In fact, pipe sold 
as ‘‘merchant pipe’’ by several of the manufacturers comes 
within 5% to 6% of the published weights and ts accepted 
at the United States navy yards for full-weight pipe. 

Manufacturers when making prices commonly take the 
option of filling the order with either the steel or the 
wrought iron, as is convenient to them. Since steel 
pipe is cheaper to make, it Is an object to them to sell 
steel pine in place of fron, especially when the price of 
iron skelp is high, and it is hard to tell what you do 
really get. 

In the effort to find out if one could really obtain 
wrought iron pipe when he wanted it, our engineer-in- 
spector has compiled the following list of manufacturers 
from whom “real wrought-iron pipe’’ can be obtained, 
but it {s to be noted that nearly all of these make both 
wrought-iron and steel pipe, and that most of the con- 
cerns named in this list make only the small sizes. We 
have been told that A. M. Byers & Co. and the Cohoes 
Tube Co. make only the wrought-iron pipe. Although the 
Reading Iron Works is given in the following list as 
among the independent concerns, it is supposed that It 
has some community of interest with the United States 
Steel Corporation. This list is arranged alphabetically 
and is presented provisionally, and can doubtless be ex- 
tended: 

A. M. Bvers & Co., Pittsburg. 

Cohoes Tube Co. (small nine onlv). Cohoes, N. Y. 
Conshohocken Tube Co., Canshohocken, Pa. 
Harrishbufg Pipe Co. (small p'pe). Harrisburg, Pa. 
La Re'le Iron Works, Steubenville, O 

Reading Iron Works, Reading, Pa. 

Tube Co. (4-in. and larger) South Ches- 
Spang. Chalfant & Co., Pittsbure, Pa. 

United States Tube & Tron Co., Pittsburg. Pa. 
Weston Tube Co. (small pipe). Kewanee. III. 
Wheeling Steel & Iron Co., Wheeling, W. Va. 

I hope that by encouraging discussion of these mat- 
ters in your columns, you can bring out some up-to-date 
information from pipe users that will be instructive on: 

(1) The relative merits of wrought-iron pipe and steel 
pipe. 

(2) The physical properties of the material used in the 
manufacture of pipe as affecting the strength of the pipe 
against bursting and for columns and as girders. 

(3) The chemical composition of the metal in compart- 
son with that used for structural steel and boiler plate. 

(4) Observations on the relative life of wrought-iron and 
steel pipe under corrosive influences. 

(5) The safe working strength of commercial pipe and 
fittings. 

Some of these questions would form interesting thests 
work for the bright young men of our technological 
schools, and others can best be answered out of the cx- 
perience of your readers. 

John R. Freeman, M. Am. Soc. C. E. 

Banigan Bvilding, Providence, R. I., Sept. 23, 1903. 


(We welcome this suggestive and instructive let- 
ter and invite others to follow Mr. Freeman’s ex- 
ample and contribute information at their com- 
mand. It so happens that certain phases of the 
subject are discussed in another paper, printed 
elsewhere in this issue, and commented on in our 
editorial columns.—-Ed.) 


Notes and Queries. 


We have received a communication from the Abner Do- 
ble Co., of San Francisco, Cal., in reference to the letter 
from Mr. Geo. J. Henry, Jr., which appeared in our {«sue 
of Sept. 17. Inclosed with this communication is a copy 
of a letter from Prof. Samuel Storrow to the Abner Doble 
Co., which says in effect that no official competitive tests 
were made by him on the high-head impulse wheels at the 
Mill Creek station of the Edison Electric Co., of Los 
Angeles, Cal. The letter of the Abner Doble Co. also 
states that no authoritative competitive tests were made by 
Professors Storrow and Hoskins. Certain private (not au- 
thoritative) tests made by them on the two wheels are, ac- 
cording to Prof. Storrow's letter, not fairly comparable, asa 
they were made under conditions which were not identi- 
cal. The value of 86.2% for the efficiency of the Pelton 
wheel was obtained by Prof. J. N. Le Conte and Mr. @ J. 
Henry, Jr., in a private test conducted in the interests of 
the Pelton Water-Wheel Co. This test ts fully reported tn 
a paper read by Messrs. Henry and Le Conte before the 
American Institute of Electrical Engineers on Sept. 2 
We expect to give an abstract of this paper in a future 
issue. 


PRUGRESS REPORT OF COMMISSION ON ADDITIONAL 
WATER SUPPLY FOR NEW YORK CITY.* 


We present herewith in accordance with your request 
an outline of the work undertaken and the progress made 
to date pursuant to our appointment of Dec 16, 1002, and 
instructions received since. While we have already 
reached certain general conclusions, our final conclusions 
as to many details must depend upon surveys, designs and 
estimates not yet completed; for our work bas been and 


still is largely that of balancing one project against an- 
other in the effort to review all of the reasonable possibill 
ties for enlarging and improving the water supply, and 
finally to recommend that which appears best or most ex- 
pedient. 

Prior to Dec. 16, the date of our formal appointment, 
several informal conferences had been held and matterssso 
outlinea that the work of the commission was begun 
promptly, and such progress has been already made that 
we expect to present our final report on Nov 15, 1903, 
the date originally prescribed. We are now enabled to 
present the following conclusions: 

(1) That notwithstanding the most favorable anticipa- 
tions relative to the prevention of waste, the immediate 
beginning of the construction of a large additional supply 
is urgent. 

(2) We were advised at the outset by the Corporation 
Counsel, that owing to probability of litigation and con- 
sequent delay we should not consider any streams flowing 
from New York into a neighboring state or waters outside 
this state. 

We find that ft is possible to obtain an adequate addi- 
tional supply of excellent water from streams lying 
wholly within the state of New York. 

(8) It is feasible to secure an additional supply, larger 
than the present Croton and Bronx supply plus the pres- 
ent Brooklyn supply, capable of gradual development up 
to 500,000,000 gallons per day, from the following sources: 

(a) From certain of the eastern tributaries of the Hud- 
son; namely, the upper Fishkill, the upper Wappinger and 
the upper Roeliff Jansen Kill, 

(b) From a portion of those just named in combination 
with the head waters of Esopus Creek, on the easterly 
side of the Catskill. 

(c) By pumping and filtering water taken from the Hud- 
son River, six miles or more above Poughkeepsie, or near 
Hyde Park; the flow in time of dougkt to be reinforced 
from storage reservoirs to be constructed fn the Adiron- 
dacks for the purpose of preventing the up-flow of salt 
water to the intake. 

All other possible sources have been considered, but 
none possesses the advantages of those named. 

Each of these sources involves some «pectal difficulty, 
and each has some advantage in location, quality or ex- 
pense. Our preliminary estimates show ne great dif- 
ference in total cost. 

We are unanimous in our preference for the upland 
water to that of the Hudson, although the Hudeon can 
be made pure and palatable by filtration and should be 
regarded as in reserve for the more remote future. 

We recommend a gravity supply from the sparsely in- 
habited uplands immediately north of the Croton Water- 
shed and in the Catskills, but pending the completion 
of surveys and the comparison of detailed estimates we 
are not ready to state which of the storage reservoirs 
should be first built or which of*the watersheds of the 
Fishkill, Wappinger or Esopus creeks or the Janeen Kili 
should be first developed. 

We have had surveys made both for a high level aque- 
duct delivering water at nearly 300 ft. above tide at the 


*The Commission consists of Prof. Wm. H. Burr, Chair- 
man, Rudolph Hering. and John R. Freeman Meme Am. 
Soc. C. E., is addressed to Mr. Robert Grier Monroe, Com- 
missioner of Water Supply, Gas and Liectric'ty. and is 
dated Sept. 17, 1903. The map presented herewith Is 
unofficial, and is designed to show the general location of 
proposed sources of supply. 
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northern limit of the city, and for a low level aqueduct 
delivering at the same elevation as the present Croton 
supply, in order to study their relative costs, and we 
are unanimously of the opinion that the first additional 
supply introduced should be delivered at the high ser- 
vice elevation, which can be accomplished without pump- 
ing. 

Manhattan has now two low-level aqueducts and two 
large low-level distributing reservoirs. The high ser- 
vice demands are growing rapidly, and in some of the 
higher parts of the city a heavy burden of expense in 
the aggregate is thrown upon owners or occupants in 
the necessity for house pumps. Under a lax administra- 
tion, the economy and repair of a pumping plant may 
suffer far greater impairment without attracting public 
notice than a gravity aqueduct system; and there are 
elements of safety in a high-pressure gravity supply for 
use in connection with special fire protection mains in 
some of the extra hazardous conflagration districts. 


(4) It appears possible to obtain from the upper wa- 
ters of the Fishkill, Wappinger, Jansen Kill and Eso- 
pus creeks by means of storage in the great reservoir 
sites now under survey, 500,000,000 gallons daily, or as 
much thereof as needed, all of which will flow by gravity 
at such an elevation as to be delivered at the city limits 
at about 300 ft. above tide water, or nearly as high as the 
present high tower service, without pumping. 

(5) By a judicious mingling of the hard water of some of 
the above gravity watersheds with the soft water from 
others, the combined supply from these elevated sources 
will be fully as soft as the present Croton supply. This 
matter, however, requires further study of the effect of 
spring floods upon the softness and turbidity of the stored 
water before exact figures can be given. 

(6) After a full consideration of economy and exped- 
jency, in view of the fact that any possible aqueduct line 
must be largely in tunnel and must be built of size 
suitable for future needs, delivering at times more rapidly 
than at the average rate, we recommend that the next 
aqueduct be built of a capacity of 500,000,000 gallons 
per 24 hours. 


(7) We strongly recommend that the city should at 
once begin the construction of filters, both for the Croton 
water and for all other waters taken from surface streams, 
and we have surveys and plans for filtration in progress 
for each and all of the new sources recommended. Fur- 
ther plans and estimates must be completed before we are 
ready to state our conclusions as to the most favorable 
sites for filtration plants. > 

(8) We consider that the surface streams that form so 
large a part of Brooklyn's present supply should either be 
filtered, as already in progress, taking the most polluted 
first, or that the ground water being naturally filtered 
should be taken, so far as practicable, by means of care- 
fully planned wells or intercepting galleries of a design 
yet to be perfected. 

(9) The one great natural obstacle which limits the date 
of the early introduction of an additional supply from 
any and every adequate source within the state of New 
York, is found in the long deep tunnel under the moun- 
tains and hills east of Peekskill. There are also some high 
dams needed in some of the projects, and it now ap- 
pears that under the most prompt action and with the 
best of management fully five years will be required after 
construction is begun before the water of any additional 
up-country supply can be delivered in New York. 


(10) For nearly its entire length, the aqueduct has to 
be built of full size for its ultimate 600,000,000-gallon 
daily capacity, and although but two reservoirs be built 
at first, it is most expedient to construct them of full 
capacity and with their dams at full height. Therefore, 
the first instalment of the completed work will be the 
most expensive, and after this from time to time as the 
city grows and its population increases, other reservoirs 
can be added or extensions made to more distant points at 
comparatively small outlay. 

The preliminary estimates indicate that the expenditure 
for the first instalment of the increased supply will be 
not far from $50,000,000. This will complete the neces- 
sary dams, reservoirs, aqueducts, tunnels and filters, and 
acquire the necessary tands and rights sufficient for a 
daily supply of upward of 200,000,000 gallons. 

This is a large sum, but for comparison we may note 
that the Boston Metropolitan district has, within the past 
eight vears, expended about $20,000,000 upon an addi- 
tional supply of about 110,000,000 gallons daily, for a 
total population now of about one million. 

The New Croton Aqueduct, about 30 miles long, built 
mainly between 1886 and 1892, cost complete about $20,- 
000,000. The Jerome Park Reservoir will cost probably 
$11,000,000, and the New Croton Dam and accessory 
works probably $10,000,000; which, exclusive of recent 
reservoirs in the Croton watershed and other appurtenant 
works, brings the total up to more than $40,000,000 for 
the extension of the Croton system since 1885. 

The revenue of the water department for Greater New 
York collected in the current year will be upward of 
$9,000,000, and will normally show an increase of $500,000 
per year. 

(11) Our Long Island investigations, so far as completed, 
incicate that the water resources of Long Island should be 


utilized to the greatest possible extent for the public 
suppiy of communities on Long Island, including Brook- 
lyn, ani that the use of this water in general will be 
cheaper than to bring the additionai water wholly frour 
the north; moreover, its entire independence is a safe- 
guard against disaster, but the greatest amount of addi- 
tional water that can be had here without extensions into 
Suffolk County, may not be more than enough to take 
eare of the natural growth of Brooklyn and the other 
Long Island communities until the water from the north 
becomes available, or until it becomes demonstrated to 
the public that ground waters from Suffolk County can be 
taken without real injury to local interests. 

(12) The need of a further water supply for Queens 
Borough is urgent, and we have recommended the develop- 
ment of the present ground water supply on lines already 
undertaken by the department as submitted to the Board 
of Estimate and Apportionment. 

(13) The Borough of Richmond has no adequate supply 
available within its own limits and its needs are also 
urgent. The increased supply for this borough may in 
time be taken from the water supply of Brooklyn when 
increased by the additional supply to be secured from the 
north. We approve of the measures now being taken to 


- secure In the meantime the needed water from the nearest 


available supply on the mainland of New Jersey. 

(14) We find no possible quickly available and near 
source, or anything that would be worth the trouble or 
expense of development as an interim supply to make 
good the present excess of consumption in Manhattan and 
the Bronx over the recorded actual yield of the present 
watersheds in a year of extreme drought. 

We therefore urge water-waste prevention in strongest 
terms, as the best and cheapest safeguard; and, after 
having seen the result of the earnest efforts at waste pre- 
vention made in certain typical districts during the past 
season, by means of district meters and house to house 
inspection, urge the continuance and extension of this 
kind of work. The members of this commission desire to 
record their unqualified recommendation of the immediate 
extension of metering to classes of buildings not yet in- 
cluded in the ordinances, as one of the best means of 
permanent prevention waste. 


Progress of the Work. 


The instructions of this Commission in brief were, to 
investigate and report upon: 

(1) The quickest and best method of reducing the waste 
of water. 

(2) Recommendations of the most practicable means for 
improving the quality. 

(3) The pressure and means of distribution for attain- 
ing the highest practicable degree of fire protection. 

(4) The probable future consumption of water, having 
in view the natural increase of population, increase in rer 
capita use, and the prevention of waste. 

(5) The future sources of supply most available in view 
of cost and quality, with estimates of their cost. 

(6) The feasibility of a temporary and supplementary 
supply. 

Appreciating the large amount of important work to be 
done in a short time, this Commission, immediately after 
organization, divided the main portion of its work into 
six departments, and for taking charge of the detailed 
studies sought engineers of extended experience on similar 
recent large water-works constructions near New York, 
Boston, Philadelphia, North-Eastern New Jersey and else- 
where. These departments are: (1) Eastern Aqueduct and 
Reservoir Department. (2) Catskill Department. (3) Fil- 
tration Department. (4) Chemical and Biological Depart- 
ment. (5) Long Island Department. (6) Department of 
Pumping. 


WATER WASTE PREVENTION, 


We were relieved from the necessity of establishing a 
department of studies of water waste by the fact that 
this work had already been begun in the Borough of Man- 
hattan and the Bronx by Mr. Nicholas S. Hill, Jr., Chief 
Engineer, and that it could be best carried on in con- 
nection with the regular work of the department having 
charge of valves, meters and distribution pipes. We are 
also informed that similar work has been inaugurated 
in the Borough of Brooklyn by Mr. I. M, de Varona, 
Chief Engineer. Pursuant to your desire for co-operation 
we made ourselves familiar with Mr. Hill’s plans and had 
frequent conferences regarding the results of pitometer 
measurements and the house inspection, sewer inspection, 
etc., of typical districts; approving fully of the plan of 
work. The results have been already set forth in reports 
to you by Mr. Hill from which we draw the following 
conclusions: 

(1) The leakage from the mains is much less than 
hitherto supposed. The distribution system of New York 
needs many new gate valves and hydrants to bring it into 
satisfactory condition, but the deterioration of the street 
mains is not such as to require extensive renewals to pre- 
vent waste. 

(2) The main sources of waste are leaky fixtures and 
defective plumbing design. The loss from leaky fixtures 
probably exceeds 15% of the total supply in the Manhattan 
and Bronx Boroughs or upward of 40,000,000 gallons per 
day. The reduction of waste due to leaky fixtures can be 


accomplished by constant inspection, and that -: 
has been done during the last twelve months as © 
strated by the returns of the chief engineer, subm 9 
us. The permanency of this reduction can only be - 4 
by the continuance of the system of house to ho» 
spection which has been so effectually conducted |; 
investigations in typical districts. Under the defec: 
sign of plumbing, hot and cold water pipes are , 
placed adjacent to each other without proper circy 
requiring the waste of large quantities of water be! 
curing either the hot or cold water desired. We © 
believe it feasible to reduce materially the extravaga: 
of water due largely to defective plumbing design. 

(3) The reduction of all waste is effectively aided | 
use of meters, which should be extended to other... 
of buildings than those now metered. We recommen | t 
all buildings over five stories in height be metered . 
earliest practicable date. All meters should be o i 
installed and maintained by the city and tested at r- ir 
intervals in order to secure reasonably effective «-- «a 
from them. 

(4) One important result demonstrated by these {n. 
gations is the absolute unfairness of frontage cha 
leading to marked inequality of burden on users in ( * 
ent portions of the city. This is most manifest in .-, 
nection with the large apartment houses covered by our 
recommendation to extend meters to all buildings «yor 
five stories in height. 

(5) These investigations have also demonstrated (ho 
necessity of considering the great transient population of 
the city when accounting for the per capita consumption. 
The per capita consumption in one residence and hots! 
district was found to be 175 gallons based upon the re:i- 
dent population and 121 gallons when based upon the eom- 
bined resident and transient population. A district em- 
bracing a portion of the downtown office section disc!o<o4 
a per capita consumption of 860 gallons per day when 
based upon resident population and 83 gallons per day 
when based upon combined resident and non-resident 
population, 

(6) These investigations indicate that the possible -ay- 
ing by reduction in waste and extravagant use will not 
more than offset the natural increase in demand due to 
growth of the city, and hence the construction of an ai- 
ditional supply should be undertaken at the earliest prac- 
ticable moment. 


EASTERN AQUEDUCT AND RESERVOIR DEPART- 
MENT. 

The Aqueduct and Reservoir Department, east of the 
Hudson River, began operations on February 4. Thece 
operations have thus far included the survey of about 125 
miles of aqueduct locations, extending from the Jerome 
Park Reservoir to Roeliff Jansen Kill. These locations 
comprise 80 miles of line for aqueduct following the con- 
tour of the ground and designed to be built of masonry in 
open trench and covered by earth, about 40 miles of 
tunnel and about five miles of large steel pipe siphons: a 
part of the above being alternative projects. In addition, 
a large amount of open channel work has been surveyed. 

The results of these field operations have been mapped 
to a large scale in permanent form suitable for future us. 

A line of bench levels was run parallel to the aqueduct 
line, reference points were located at frequent intervals, 
and side topography was taken by the location party as 
the work advanced, so as to permit shifting the line to 
one side or the other, in order to gain economy in final 
studies. The surveys were tied to the triangulation points 
of the U. S. Coast and Geodetic Survey and numerous 
places, 

In the effort to fix upon the best possible location, the 
field parties are now retracing certain lines where alterna- 
tive routes appear feasible and where the best location 
was doubtful, 

HIGH LEVEL RESERVOIR STUDIES.—Near Storm- 
ville and Billings on the upper Fishkill, reservoir sites of 
about 4% and 2% square miles have been surveyed, con- 
toured and plotted and the capacities corresponding to 
various elevations of water surface computed. Jet borings 
are now in progress at the sites of the dams to determine 
the character of underlying strata and bed rock. 

At Hibernia, on the upper Wappinger, surveys are being 
made of a promising site for a reservoir much larger 
than the new Croton reservoir, requiring one main dam 
and a dike. Borings to determine the character and 
position of bed rock will soon be completed. Approximatc 
estimates of capacity and cost of this reservoir have al- 
ready been made. 

Near Clinton Hollow, about twelve miles northeast of 
Poughkeepsie, on the upper Wappinger, surveys for a 
high-level reservoir have been begun and will require 
about six weeks for completion. 

Near Silvernails, on the upper Roeliff Jansen Ki!!, 
about 25 miles northeast of Poughkeepsie, an excellent 
site for a high-level reservoir, covering about nine square 
miles, has been surveyed, contoured and plotted, with dam 
site plans in detail. These plans and estimates are wel! 
advanced toward completion. 

Surveys of large terminal reservoirs have been made, 
end a contour plotting completed ready for studies of ¢x- 
cavation and embankments ané estimates of cost. 

LOW-LEVEL RESERVOIR STUDIES.—In connection 
with the low-level aqueduct lines, extensive surveys cov- 
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square miles have been made of a possible site 


F ir near Fishkill, and a large portion of 
This survey presented unexpected 
among which are the many thickly-wooded 
wal These swamps are all surveyed and the depths 
ined. 
eee surveys covering ten square miles 
been made for a low-level reservoir, and several dam 
= have been studied. Contour plans of this reservoir 
rs age eee been made in an extended study of 
se ssibilities for large reservoir sites at suitable ele- 
yoredliss of the Hudson River, by means of the maps 
> an U. S. Geological Survey and reconnoisance in the 


ring 17 


yee designs and estimates have been made to 
ermine the best and most economical sections for aque- 
‘wets and tunnels, the best methods of tunnel lining and 
‘ver structural details from which close estimates of 
+ will be soon made or from which contract drawings 
"Dl DAMAGES.—The data for estimates ot 
i ,mage to water powers and factory sites on each of the 
seams where a diversion of water is proposed have been 
cliected, Nearly every factory has been visited and 
ates made of its water fall, power and use of water. The 
estimates of money value of damage sustained by the di- 
version have as yet been only approximated, but at what 
is thought to be an outside amount. 
CATSKILL DEPARTMENT. 

The Catskill Department was organized early in March. 
The principal work of this department has been done in 
the Esopus Valley, but it extended into the upper portions 
of the Schoharie and Catskill Valleys. The surveys made 
two years ago under the former Department of Water 
supply were availed of as far as possible. ‘ 

Surveys in much detail have shown that near Bishop's 
Falls on the Esopus, a@ dam can be built higher than 
heretofore supposed practicable, which will flood an area of 
more than 14 square miles and form a storage reservoir 
of more than double the available capacity of the new 
Croton reservoir when completed, and of admirable form 
for holding the water several months in storage in tran- 
sit from the river to the aqueduct, thus favoring purifica- 
tion, sedimentation, bleaching and the destruction of 
pathogenic germs. 

In this work a stadia survey was made of nearly ten 
square miles of more or less broken and wooded land, to- 
gether with a less complete survey of six square miles 
more. Contour and other maps of this site have been 
completed. 

The Ulster & Delaware Railroad runs through this reser- 
voir site and two alternative surveys for its re-location, 
comprising 28 miles of location, have been run with such 
full detail that quantities and costs can be closely esti- 
mated. Nearly 1,000 test pits have been dug on the reser- 
voir site in order to determine the character of the 
ground and the requirements for stripping or covering 
areas of peat or muck. 

Other reservoir sites in the Esopus Valley have been 
located at Cold Brook, Lake Hill, Wittenburg, Shandaken 
and Big Indian. Careful stadia surveys have been made 
of each, covering more than five square miles within pro- 
jected flow lines; five dam sites have been studied, all 
property lines have been located, and the necessary plaus 
made for estimating quantities and costs of each. 

A tunnel line 13 miles long crossing under the Catskill 
Range, from the Schoharie watershed into the Esopus 
Valley, has been reconnoitered and surveyed, and stadia 
surveys have been made for four reservoir and dam sites 
in the upper Schoharie watershed on the northwestern 
slopes of the Catskill Mountains, available for supple- 
menting the Esopus in the more distant future. The com- 
putation of contents and the maps of these Schoharie 
reservoir sites are not yet completed, but they are well 
advanced, 

For the sewage disposal of the villages of the Esopus 
region, mainly summer colonies, careful studies have 
been made, together with a detailed sanitary inspection 
of the whole region. Detailed plans for sewage disposal 
works have been made for the villages of Pine Hill, Chi- 
chester and Phoenicia, with estimates of cost. On the 
Schoharie watershed, surveys have been made tor a 
trunk sewer for the removal of the sewage of the entire 
valley to a point below the lowest reservoir. On Catskill 
Creek, considerable work of a similar kind has been done. 

RAINFALL STUDIES.—Much study has been given to 
the rainfall of the Catskill Mt. region to determine its 
volume in comparison with that of the Croton water- 
shed. This has involved a painstaking scrutiny of all 
available records, correction of errors and the establish- 
ment of ten new stations, together with the observations 
of the latter. A river gaging station was established on 
‘he Esopus near the principal dam site, in co-operation 
with the U. S. Geological Survey, and daily observations 
were maintained. Two rain gages have been established 
high up on the mountain side in representative loca‘*ions 
on opposite sides of the valley for comparing the rainfall 
on the heights with that in the valley. The indications 
are that jt is materially larger, but the observations and 
studies so far made are not extended enough to warrant 
conclusions and, like many other series of meteorological 


and hydrographic observations begun by this Commis- 
sion, should be taken in charge by the regular engineering 
staff of the Department of Water Supply, Gas and Elec- 
tricity, and continued for a series of years. 


FILTRATION DEPARTMENT. 


Surveys were begun on Feb. 19, 1908. At first the work 
of the entire force was directed toward the discovery, 
sarveying and mapping of all areas along the aquedact 
routes lying at suitable elevation and of sufficient size 
for filter sites. 

Following the map studies and a reconnoisance, lines of 
bench levels starting from the precise level benches of the 
U. S. Government, near Tarrytown, Fishkill Landing and 
Poughkeepsie were run for more than 50 miles, om cir- 
cults through the territory in which filter sites were 
sought. Based on these levels, stadia surveys were made 
of the available areas near Brinkerhoff, Fishkill, Storm- 
ville, Freedom Plains, La Grangeville and Pleasant Valley 
in Dutchess County, Elmsford, Scarsdale, Greenville and 
other points in Westchester County, in order that com- 
parative estimates of cost and construction could be mate 
and the most economical sites selected. This work in- 
volved the survey of 42 square miles of territory, the 
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Unofficial Sketch Map Showing the General Loca- 
tion of the Proposed Additional Sources of 
Water Supply for New York City. 


running of 290 miles of traverse lines, and about 40,000 
locations with elevation and position, sufficient noints 
being taken to admit of locating contours at 5-ft. inter- 
vals. Eighty-eight survey sheets nave so far been pre- 
pared and ars now in use in making the final studies. 

Filtration projects suitable for each of four independent 
schemes have been worked out covering all the projects 
for upland and Hudson River waters and for the filtration 
of the Croton supply. 

Studies for improved methods f handling the sand -nd 
otherwise lessening the cost sre now well advanced, de- 
signs of standard details such that full working drawires 
can be promptly made for filter construction are -.— ‘n 
preparation and a close estimate of cost. will follow. 

We hope to be able on Nov. 15 to present complete plans 
for a first instalment of filters, of 50,000,000 gallons per 
day capacity. 


CHEMICAL AND BIOLOGICAL DEPARTMENT. 
This department was organized in the later part of 
December, 1902, so as to be in readiness to collect sam- 
ples of the winter or spring flood waters in all streams 
available for water supply. 


The sanitary Investigations extended from the Narrows 
to the headwaters of the Hudson along its principal af- 
fluents. Samples were taken from the principal eastern 
tributaries all the way from the Croton watershed north 
to Schroon Lake in the Adirondacks. On the western 
bank, the Esopus, Roundout and Catskill creeks were in- 
vestigated. The streams on Long Island east of the pres- 
ent water shed of the Brooklyn supply were also fre- 
quently sampled. 

The entire territory examined covered over 15,000 square 
miles. The magnitude of the work may be appreciated by 
the statement that between Jan. 1 and Sept. 1, over 4,000 
samples of water had been collected and examined. 

In this department we availed ourselves of the excellent 
facilities of the Mount Prospect Laboratory of the Depart- 
ment of Water Supply, Gas and Electricity and all the 
sanitary studies of the Commission were made with the 
cordial and efficient co-operation of it« staff. 

A field laboratory was established at Poughkeepsie and 
equipped for the complete physical and bacteriological 
examination of water, but all chemical and microscopical 
analyses were concentrated at the Mt. Prospect Labora- 
tory. 

The instructions of the Commission to this department 
covered the making of such investigations and analyses, 
chemical and biological, as were necessary to determine 
the sanitary character of the various waters available for 
the supply of New York. As the work progressed its 
scope was extended to cover a study of the physical char- 
acteristics of the soil within the Long Island watershed 
from which Brooklyn is supplied, including soil moisture 
and its relation to rainfall and depth of ground water. So 
far as possible existing facilities and employees already in 
the service of the city were utilized. 

INVESTIGATION OF THE PRESENT WATER SUP- 
PLY.—The investigations of the present supply have been 
carried on with respect to the immediate needs of the 
department, but various compilations of analyses have 
been made, to serve as a basis of comparison with the 
additional sources considered, 


Among these compilations may be also mentioned a 
study of the typhoid fever statistics from 1868 to 1103, + 
and a comparison with the rainfall and the past extensions 
of the present water supply. It i9 a matter of congratula- 
tion that the typhoid fever death rate in New York has 
been found much lower than in most large American 
cities. 

Croton water has often been turbid during the past few 
years and occasionally malodorous, but nevertheless ap- 
pears to be generally satisfactory from a sanitary stand- 
point. The odors are due not to pollution, but to the 
effect of microscopic organisms which grow at certain sea- 
sons in the reservoirs and especially in the distributing 
reservoirs in Central Park. The unsatisfactory physical 
condition of the Croton water has led to the expenditure 
by citizens of hundreds of thousands of dollars in house- 
hold filters, stills, etc., and to large annual expenditures 
for spring water, all of which would be rendered unnec- 
essary by public filtration. 

The Brooklyn water has also been carefully studied. It 
is generally clear, but occasionally turbid after heavy 
rains. 

The hardness of both the Croton and the Lond Island 
water average about 40 by the ordinary scale, but the 
Brooklyn water is somewhat less desirable than the 
Croton for steam boilers, because of the infiltration of 
sea water into some of the driven wells near the shore. 
The population in some portions of the watershed now 
drawn on is rapidly increasing and the surface supplies, 
from brooks and streams, are being exposed to increasing 
dangers from pollution. 


SANITARY STUDIES FOR THE ADDITIONAL SUP- 


PLY.—There is a growing demand for improvement in 
the quality of public water suppiies and our studies were 
entered upon in the conviction that the new supply must 
be better than present supplies. The following qualifica- 
tions were kept in view as necessary throughout the work: 


(1) Absolute freedom from pollution. 

(2) Freedom from odor, turbidity and-noticeable color- 
ing matter. 

(3) Softness, 

(4) In the case of ground water, freedom from large 
amounts of iron. 

Four distinct lines of investigation were carried on in 
the field: 

(1) A study of the watersheds and the water samples 
from the various streams considered as probable sources 
of supply. 

(2) The study of the water of the Hudson with refer- 
ence to its filtration. 


(3) Study of the ground waters on Long Island. 

(4) Investigations in soil physics. * 

STREAM INVESTIGATIONS.—Stations were established 
on all of the important streams and daily samples were 
collected and sent in at the end of every week to the 
Laboratory at Poughkeepsie, where they were examined 
for turbidity, color, alkalinity and hardness. At the time 
of collecting each sample, the stage of the river was ob- 
served and tne meteorlogical conditions were noted. Ratn 
gages were placed at ten new points scattered over the 
various watersheds. From time to time samples for 
chemical analyses were collected at the most important 
points, comprising 35 stations in all, located at 18 dif- 
ferent streams. 
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In addition to the analyses of water samples from these 
regular daily stations, investigations were made of the 
watershed lying up-stream from points where sampies 
were collected. These investigations differed much in 
their completeness, according to the probability of the 
stream being selected as a source of supply. As the work 
progressed and the exact field for selection of sources of 
supply was narrowed, more attention was given to the 
Fishkill Creek, Wappinger Creek, Roeliff Jansen Kill and 
Esopus Creek. 


The waters of the Roundout and Esopus are of excellent 
quality, being light colored and very soft. After rains 
they become slightly turbid from the effect of a few local 
clay deposits which may be readily controlled at com- 
paratively small expense. The Esopus water is better in 
quality than that of the Roundout. In fact, the investi- 
gations thus far made indicate the Esopus to be superior 
in quality and better adapted for general public and do- 
mestic use than any other untreated natural water ex- 
amined. It has less than half the hardness of the present 
Croton supply, is tasteless, odorless and practically color- 
less and is clear except for the cloudiness observed after 
rains which would disappear after storage. Filtration 
would render this water well nigh perfect for purposes of 
public supply. The water of the Catskill Creek has been 
found clearer than that of the Esopus, but it contains 
more calcareous matter and has a hardness which exceeds 
that of the Croton. The water of the Schoharie Creek is 
soft and has little color. 


The Roeliff Jansen Kill, Wappinger Creek and Fishkill 
Creek are practically unpolluted, clear, tasteless, odorless 
and with low color, but rather hard at times. This reg'on 
is overlaid in places with limestone, and much variation 
in hardness is found in streams near together, obviously 
the hardness of the water flowing in summer, which is 
mainly ground water, does not represent the hardness that 
would be found in the same water collected durirg the 
spring freshets in storage reservoirs, which has not perco- 
lated through the ground. The studies to determine the 
probable hardness of reservoir waters are not complete, but 
we are justified instating that by a m‘xtureof these wa‘ers 
from the Esopus the hardness of the whole would not 
exceed that of the present Croton supply. If the entire 
additional supply were taken from the eastern streams 
alone the hardness would be somewhat greater. 

HUDSON RIVER WATER.—The average .of many 
analyses shows that the hardness of the water at the pro- 
posed future intake between Greer Point and Hyde Park 
would be substantially the same as that taken from this 
river at Albany and that this water could be made at least 
equally satisfactory by filtration. The additional pollu- 
tion received below Albany is more than off-set by dilu- 
tion from the volume of water received from tributaries 
entering below. 

The pollution of the Hudson was carefully studied 
statistically by making estimates of the city and country 
population per square mile at various selected points be- 
tween Glens Falls and New York Harbor, and by accer- 
taining the typhoid statistics of all the cities along its 
course, the amount of sewage and factory waste. Samples 
for examination have been taken daily since May 1, at 
Mechanicsville, Cohoes, Catskill, Saugerties, Kingston, 
Hyde Park, Poughkeepsie and Garrison. Daily bacterio- 
logical examinations have been made at Poughkeepsie and 
weekly chemical analyses have been made upon the sam- 
ples collected between Newburgh and Catskill. Samples 
have also been taken to ascertain the efficiency of filters 
receiving Hudson River water at Poughkeepsie. 

By adopting proper precautions the water between 
Poughkeepsie and Hyde Park would be rendered perfectly 
safe for domestic use. It would have an average hard- 
ness probably a little greater than that of the present 
Croton supply. 

SALT WATER IN THE HUDSON.—Much time was de- 
voted to finding the limit of up-flow of salt water in the 
Hudson. The present season has been less favorable for 
this purpose than if there had been less rain, but many 
series of analyses have been made and the tidal phenom- 
ena have been observed and studied. Automatic tide gages 
were located at Yonkers, Oscawanna, West Point, Pough- 
keepsie and Rhinecliff. 

The preliminary review of these and other data gives 
reason for belief that the chlorine never extends up the 
river beyond Greer Point even in the driest year. 

GROUND WATER STUDIES.—While the many analyses 
of the ground water supplies of Brooklyn and Queens 
furnished the basis of these studies, various samples from 
other portions of Long Island were analyzed and compari- 
son made with the density of population in the regions 
surrounding the wells from which the samples were 
taken. Samples from the thickly populated portions of 
Brooklyn were also analyzed for comparison, and the re- 
sults show that many ground waters collected by means of 
driven wells from regions which have a large population 
and which might be considered unsatisfactory on chemical 
anelyses are satisfactory bacteriologically and may be 
safely used for drinking purposes. This is due largely to 
the sandy character of Long Island, which renders it an 
excellent filtering medium. 

Investigations were made to determine the limit at 
which pollution will extend from large amounts of faecal 
matter deposited at a depth of 6 or 8 ft. below the ground, 
as in privy vaults. Other experiments have been made 


to determine the decrease of bacteria from the surface of 
the ground downwards in the soil. 

The studies of the water in Suffolk county show it to be 
very similar in character to that of the present Brooklyn 
supply. 

In the study of soil physics over a thousand samples 
have been collected and dried and their moisture de- 
termined by differential weighings. These were collected 
at a number of representative places with the water table 
at different distances below the surface and the results, 
although not yet completely worked out, are exceedingly 
instructive. 

LONG ISLAND DEPARTMENT. 


This department was organized in March. The chief 
object sought was definite information about the under- 
ground sources of water available on Long Island, through 
driven wells or wells of other types, intercepting galleries 
or other means. A brief review of the situation suffices 
to show that the surface streams from which the larger 
portion of the supply is now taken will become more and 
more polluted as the population increases and spreads 
into the suburbs, and must be filtered to be fit for use, 
whereas the ground water is filtered naturally. More- 
over, it is desirable to learn what is the greatest possible 
quantity of ground water that can be taken from the pres- 
ent watersheds without injury to property, for this ex- 
cellent water so near at hand, and stored in the great 
natural reservoir of the deep saturated sands is ob- 
viously a source that should be utilized to the utmost. 
Attention was directed to learning the topographical feat- 
ures of the subterranean watersheds, and the direction and 
velocity of flow of the deep, slow subterranean currents; 
for the real limits of the underground watershed in this 
kind of formation may be very different from that bound- 
ed by the summits of the hills. 


Diligent search was made for all dug wells favorably lo- 
cated for observation of the height at which the ground 
water naturally stands. More than one thousand of these 
wells, scattered nearly over all parts of the island in 
Queens, Nassau and Suffolk counties, have been investi- 
gated, and the height of water in them measured at fre- 
quent intervals. 

In sparsely populated districts where the wells were too 
far apart to define the height of the ground water in the 
intervening territory or where the surface indications 
gave reasons to suppose irregularities might exist, test 
wells of 2-in. wrought-iron pipe were driven into the 
saturated ground to varying depths, all the way from 20 
to 100 ft. Upward of 250 of such wells have been driven, 
samples of the material penetrated bv these wells were 
taken at frequent intervals and subjected to mechanical 
analysis through the co-operation of the U. S. Geological 
Survey. The height of water in these wells has been 
regularly observed. 

In order to compare the elevations of water surface in 
these wells, extensive circuits of accurate levels had to be 
run and connected with the standard bench marks of the 
United States Government at the Brooklyn Navy Yard 
and the tide gages at Governor’s Island, in order that 
the relations of the heights of water to sea level might be 
accurately known. This work will require lines of levels 
more than a thousand miles in length, and of this up- 
ward of 650 miles have been already completed. 


In order to obtain a closer estimate of the amount of 
water available in addition to that already taken by the 
Brooklyn works, a series of observations was planned con- 
sisting of observations on the rainfall by means of two 
self-recording rain gages located at representative points 
and bv three other rain gages of the ordinary type at 
intermediate locations. To obtain a more precise idea 
of the percentage of rainfall passing off in evaporation, 
a meteorological station was established at Floral Park, 
with apparatus designed to record the amount of evapora- 
tion. the direction and force of the wind. the temnerature 
of the air, the temperature of the ground and the daily 
percentage of sunshine. At Brentwood, in Suffolk Co., 
another station was established for similar data except 
that the apparatus for measuring the evaporation was not 
duplicated. These observations were carried on in con- 
nection with the frequent observations on the sofl moisture 
at different denths referred to under the work of the 
chemical and biological department. Weirs for precise 
water measurements were set on the principal streams 
and equipped with autographic registers. 

MEASUREMENTS OF VELOCITY OF UNDERFLOW.— 
The U. S. Geological Survey co-operated generously in 
this work and detailed Prof. C. S. Slichter to make meas- 
urements of the velocity of the underflow. The field work 
has been nearly completed, but the results are not fully 
computed. 

The results of all this work will be of great value and 
several of the lines of observation should be assumed by 
the regular forces of the department and carried on for a 
series of years. 

The results already obtained show that the real limits 
of the underground watersheds are materially different 
from the boundaries indicated by the surface topography. 


THE DEPARTMENT OF PUMPING. 


This department was organized with a view to planning 
the large pumping stations necessary in connection with 
the taking of water from the Hudson River, had that 


source been selected for the first development. 
studies of other pumping plants for pumping ¢ 
tain promising reservoir sites that lay at an t 
lower than the aqueduct. There have been great Bei 
in this branch of steam engineering ir recent 
the comparative economy of a system involy 
ing in comparison with one delivering } as 
depends largely on the design and arrangeme: 
pumps and the steam power equipment. As the 
station for a supply taken wholly from the Hud 
would have necessarily contained pumping ma 
much greater capacity than any plant now in 

it is obvious that most careful studies of this de 
paramount. 

As the surveys and estimates progressed an. 
found practicable to obtain the additional supply 
quired from sources lying at an elevation such 
water can be delivered by gravity, the work of 
partment was largely directed to co-operation 
chief engineers in the Department of Water Sup 
and Electricty in improving the efficiency of the 
pumping stations forming a part of the Manhar: 
Brooklyn systems. The principal work thus far 
plished is the following: 


(1) In connection with the building of new pump 
tions, as a part of the system of additional supply, ¢ 
and graphical charts have been prepared showing ‘the 
mated cost of building and maintaining stations ha 
a daily capacity up to 600,000,000 gallons. 


(2) In co-operation with Mr. Nicholas S. Hill, Jr.. Chieg 
Engineer, a careful examination was made of the merhani- 
cal efficiency of the three pumping stations in Man} an 
at 179th St., High Bridge, and 98th St. About May 1 
prior to the first of these studies, five engines, including 
the new Worthington engine, were kept in operation at 
179th St., and one eng‘ne at the High Bridge Station {ny 
order to supply the consumption. Two of these engines 
having a daily capacity of 10,000,000 gallons each were 
found by these tests to have a slippage or loss of action 
in the pumps of 65% and 60% respectively, and two en- 
gines having a daily capacity of 4,000,000 Zallons each 
were tested and found also to have some slippage. On ac- 
count of the necessity for continuous running it was de- 
cided not to take the time then to test the steam engine 
efficiency in detail, but to proceed imme‘ictely with the 
repair of the pumps. Each of the 10.000.000-gallon en. 
gines was dismantled, and after the repairs were finished 
on all four pumps it was found that by the prevention of 
slippage one engine at 179th St. could be shut down all 
the time and that at High Bridge the greater part of the 
time, while the other four engines, including the new 
Worthington engine at 179th St., performed al! the work 
previously performed by the six engines. This imme- 
diately resulted in a saving of about $37 per day in fuel 
and oil. 

There will be a further saving as soon as the repair 
work now in progress on the steam cylinders and valve 
gear is completed. At the 98th St. Station, the engines 
had been repaired but a short time previous and were 
found to be in fairly good condition. 


Further studies were made of possible improvements in 
pumping station economies by means of improved methods 
of firing and other changes of detail. When the improve- 
ments already begun have been fully carried out it is 
estimated that there will recult an annual saving of rot 
less than $20,000 in value of fuel alone and 40% in value 
of oil and smali supplies at the three Manhattan stations. 

(3) In connection with the Brooklyn pumping stations, 
the work of this department has so far consisted chiefly 
in co-operating with the chief engineer, Mr. I. M. de Va- 
rona, in the study of methods for securing greater econ- 
omy in the operation of the present numerous driven- 
well pumping stations by operating them by electric power 
generated at a central power plant that may form > part 
of the Millburn pumping station, in assistance upon the 
preparation of specifications for new high-service pumps 
at Ridgewood, in preparing plans and specifications for 
the new Gravesend station and in perfecting the design of 
the Wantagh station. The average cost of pumping 1,- 
000,000 gallons of water one foot high at the driven-well 
stations is 28 cts., and the estimated cost of pumping the 
same quantity with improved centrifugal pumps operated 
by electrical motors is 8.5 cts. 

The tests of the Ridgewood station are not yet finished, 
but the preliminary inspections indicate that by improved 
methods the present cost per 1,000,000 gallons at the s‘a- 
tion probably can be decreased 30%, representing an an- 
nual saving in total cost of maintenance of $75,000. 

FORCE EMPLOYED BY THE COMMISSION. 

The foregoing work has required the services of 6 ‘e- 
partment engineers, 5 principal assistant engineers, 12 
assistant engineers, 24 draftsmen and computers, 9 trao- 
sitmen, 10 levellers, 13 rodmen, 12 chainmen, 12 axemen, 
8 test-well foremen, 23 laborers, 6 stenographers «4 
typerwriters, 4 chemists, 6 biologists, 5 inspectors, 59 


‘sample collectors and gage readers, making a total of ')). 


The above represents the average force during ‘4? 
summer. The field force has been largely reduced © © 
Sept. 1, by reason of Partjal completion of the sury Ss. 


The remaining work is lafgely that of the reduction of 


field observations, the preparations of plans and estim. °* 
of casts. 
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| PNEUMATIC TOOL FOR DRILLING PLUG HOLES 
an IN SPLITTING STONE. 


In splitting quarry stones plugs and feathers 
on extensively used that any machine for drill- 
the plug holes by power iastead of by hand 
find a wide field of application. A new plug 

) that in appearance much resembles the com- 

pneumatic riveter is 

wn in Fig.1. It differs from 
riveter in being provided 
a rotating device whch 
tomatically turns the drill 
the hammer is in action 
drill weighs but 18 Ibs. 
plete, consumes 20 cu. ft. 
o: air per minute at 80 Ibs. 
-yessure, and will drill a 5¢-in. 
3 ins. deep in any kind 
stone. The manufacturers, 
our request, have had a 
rd kept of the number of 
= drilled in granite in an 

ir, and report as follows: 
ve test developed GO plug holes, 
3 ins., drilled in 60 mins.; 
drill used sinking 20 holes. without resharp- 
ge: this ineluded the _ lining, changing of drills, 
‘On another occasion 131 holes of the same descrip- 
son wee drilled in 140 mins. On the test of drilling a 
angle hole we have done same in as short a time as 20 
but the average ume for a plug varies trom 

» 40 secs. All of the above figures are based on the 
i working in granite, in all soft stone the cutting is 
much more rapid. 

When it is remembered that it takes a skilled 
man 4 to 5 mins. to drill a similar hole in granite 
by hand, the saving in labor effected by one of 
these pneumatic plug drills is apparent. The man- 
ufacturers of this plug drill are the Chicago Pneu- 
matic Tool Co., of Chicago, Ill. 


THE CORRECT DESIGN AND STABILITY OF HIGH MA- 
SONRY DAMS.* 


By Geo. Y. Wisner, M. Am. Soc. C. E.f+ 

The developments of projects for the storage of flood 
waters for the purpose of irrigating arid lands in the 
Western states will require the designing of dams of un- 
precedented heights, and in view of the failure of similar 
structures which were considered safe by the engineers 
who designed them, it is imperative that the plans be 
based upon accurate data and upon a correct determina- 
tion of the nature of the stresses to which they will be 
subjected. If such information does not exist, there 
should be no excuse for its not being obtained before 
final plans are adopted for all works where failure will 
result in the loss of either life or property. 

With a correct knowledge of the weight, strength, mo- 
dulus of elasticity and coefficient of expansion of the ma- 
terials of construction, the relation of the stresses in 
the horizontal arch of a dam to those in the vertical 
sections, under varying water pressures and temperature 
strains, can be determined within reasonable limits, and 
the parts of the structure so designed that its safety will 
be beyond question. 

With the facilities that are at the disposal of the en- 
gineer for determining the strength, elasticity and ex- 
pansion of the materials of construction for large struc- 
tures, it would be criminal negligence on the part of the 
designer not to make such determinations. 

In the development of the theory of the laws which 
govern the action of forces in large dams, most of the 
older investigators, as well as many engineers of the 
present time, have assumed that a dam is a rigid homo- 
genous monolith, and that the foundations (while more 
rigid and non-elastic than the structure) are perfectly 
elastic. In the design of some recent structures, the re- 
verse of these assumptions has been adopted, viz: That 
the materials of which the structure is formed are homo- 
genous and perfectly elastic. Both of these assumptions 
certainly cannot be correct, and, as similar conclusions 
ale derived in each case, it hardly seems good policy to 
base the design of large structures on such precedents. 

In regard to the elasticity of a completed dam, it may 
be stated that the materials of which it is constructed are 
far from being perfectly elastic and homogenous, and 
even if they were, the method of construction makes the 
dam practically a rigid structure. The faces of the dam 
are usually of cut stone masonry with thin joints, having 
‘ modulus of elasticity of from two to five times that 


of the concrete or rubble filling of which the interior of. 


‘he dam is composed, thus practically forming a triangu- 
‘r truss, having a height of about 11% its span, which for 
‘resses up to point of rupture through the toe of the 

m, May be regarded as rigid. The natural rock on 
which the structure should be founded is under heavy 


“A paper prepared for the 11th National Irrigation Con- 
red at geen, Uteh, -epremrer. 
a Consulting Engineer, 39 West Canfield Ave., Detroit, 


compression, and held firmly in place by the compressive 
forces in the earth's surface, so that elastic movement 
under load will be so small that the structure may be re- 
garded as resting on a rigid base. Hence, conclusions 
based upon assumptions that the dam is a perfectly elas- 
tic structure, or a rigid structure resting upon an elastic 
foundation, will not hold true. 

Under either of these assumptions, the conclusion 
reached, which forms the basis of analysis of stresses, is 


A PNEUMATIC TOOL FOR DRILLING PLUG HOLES. 


that if the resultant due to the water pressure and the 
weight of the dam falls outside of the middle third of the 
base, tensile strains will be developed in the upper face of 
the dam, a condition which, as dams are generally con- 
structed, is not likely to occur before the toe ruptures and 
the dam slides on its base. 

The conclusion that tensile strains will develop in the 
face of a dam when the resultant passes beyond the middle 
third, requires that the dam act as a flexible beam bend- 
ing about its central line as a neutral axis, and that with 
the reservoir empty, there will be no pressure on the foun~- 
dation at the toe, and have a maximum pressure at the 
heel, and with the reservoir full, there will be no pres- 
sure at the heel, and be a maximum at the toe. Under 
the usual form of construction of dams, the tendency to 
movement under change of water pressure is about the 
toe, instead of center of the base, and as a result the great- 
est stress in the structure from horizontal water pres- 
sures on the face, will te parallel to and near the back 
face of the dam, and the pressure on the heel of the 
dam will not become negative when the resultant passes 
the middle third, and probably will not until the toe 
ruptures, which result materially modifies the actual dis- 
tribution of pressure on the base, from what would be 
the case under the assumption of perfect elasticity of 
structure. 

The fact is that there is far greater danger of failure 
from shearing, or sliding on the base, than from ten- 
sile strains in the upper face, or from overturning of the 
structure. The force tending to produce shearing or 
sliding increases with the square of the depth of the 
water, and in straight dams, where the tensile stresses 
from changes of temperature may exceed the strength of 
the masonry, this source of danger is a serjous one, and 
practically limits the safe height of the structure. 

While it is true that dams depending upon a gravity 
section for safety may require such dimensions that the 
line of maximum pressure in the structure will fall in- 
side the middle third, the reasons for such sections should 
be based as nearly as possible upon the factors which 
control the action of the stresses generated in the struc- 
ture by the loads to which it is subjected. 

If a proper batter be given to the up-stream face of a 
dam, the maximum, pressure on the foundation will be 
some distance from the face, and the masonry subjected 
to such pressures situated so as to withstand greater 
stresses than that on the surface of the structure. 

The distribution of pressure on the foundation of a 
dam, for variation in the cross-section of the structure, 

may be estimated from 

foe the following diagram: 

Let a, b, c, h, g, f, 

* e, d, be a section of a 

He dam 1 ft. thick, resting 

on a solid-rock founda- 

: tion, a-b, and having 

’ *% similar slopes on each 
\ face of the strudture. 

In this case, if the 
} structure were abso- 
af lutely rigid, the weight 

would be uniformly 

distributed over the 
base, a-b; but since the masonry and foundation will yield 
slightly under heavy loads, the maximum pressure will be 
at the center, m, gradually diminishing to the ends of the 
section at a and b. If, instead of being a symmetrical sec- 
tion, the portion b. c, h. i, k, be removed, the pressure on 
a-k will be changed only to the extent due to the re- 
distribution of that portion of load supported on beam 
between b and k, the line of maximum pressure would 
still be a considerable distance from the heel of the dam, 
and the pressure at the toe would be much stronger than 
shown by the usual analysis. 


If the section a, da, e, f, g, h, i, k, be cut by vertical 
planes spaced 1 ft. apart, and the columns thus formed be 
suppose#*free to move, each square foot of the foundation 
would support a weight equal to that of a column of ma- 
sonry of the same height as that of the dam vertically 
above the point considered, the maximum pressure being 
directly below f-g. 

In the construction of a concrete or masonry dam, the 
material as deposited in the structure {s sufficiently 
pliable that for a depth of 20 to 30 ft. above the founda- 
tion, the pressure on all parts of the base will practically 
vary with the depth of material, but as the mortar sets 
and hardens, this foundation course acts as a beam resting 
on material which will yield only slightly under heavy 
loads, and partly distributes the pressure arising from 
the weight of the upper portions of the dam throughout 
the foundation. 

The maximum pressure on any part of the foundation 
will vary with the elasticity and compressibility of the 
masonry and foundation, but under average conditions it 
should not exceed three-fourths of the weight of a column 
of masonry of the same height as the dam 

In short dams having ends firmly anchored in the side 
walls the structure acts as a horizontal beam, and the 
pressures developed on the base are far different from 
those determined by the usual method of considering the 
water pressure and the weight of the structure to act 
a couple. 


as 


In high dams, where the length near the base does not 
exceed 200 ft. the width is so great that, with the ends 
firmly anchored in the side walls, the lower portion of 


the dam acts to a great degree as a horizontal beam of 
such magnitude that very little deformation is possible, 
and consequently only a small portion of the stresses from 
the water pressure are transmitted to the foundation. The 
upper portion of the structure being longer and of less 
width, distortion will take place, and the stresses aris- 
ing from such movement will be distributed through the 
base of the dam to the foundation, and to the side walls, 
according to the design of the dam. 

The strains arising from changes of temperature in 
straight dams are sometimes enormous, and unless pro- 
vided for with large coefficients of safety, may endanger 
the structure. The base of a dam being massive, and 
generally submerged in water, has a much less range of 
temperature than the upper portions of the 
which in many cases may exceed 100° F. 

The expansion of sandstone for 100° change of tem- 
perature is about 1 in. in 90 ft., limestone about 1 in. in 
125 ft., and granite about 1 in. in 170 ft. The expansion 
of masonry and concrete will vary with the material of 
which composed, but will probably average about 1 in. ia 
125 ft. for 100° change of temperature. 

A dam 500 ft. long in passing through a change of 100° 
temperature, will expand or contract about 4 ins. in its 
entire length if not prevented by the side walls, and sub- 
ject the upper portion of the wall to greater strains ‘han 
those due to water pressure and weight of the dam, which 
the structure was designed to withstand. Internal stresses 
in the masonry from this cause probably have had much 
to do with some of the dams that have failed. A drop of 
20° in the temperature at the crest of the dam, may 
cause tensile strain of 40 tons per square foot, and, un- 
less supported by arch construction, leave the dam with 
only the resistance to shearing and sliding to withstand 
the water pressure. 

In the problem of constructing a dam to safely with- 
stand the pressure of a given head of water against its 
face, the structure can either be made sufficiently massive 
to resist shearing, overturning, and sliding from the water 
pressure, or if of not too long a span, may be built as an 
arch and the stresses developed by the water pressure 
resisted by the side walls against which the ends of the 
arch abut. 

It has been stated by high authorities that the masonry 
of a dam is so rigid and non-elastic that it cannot act as 
an arch “‘for the reason that if the profile is sufficient to 
stand the water pressure by its own gravity, the mass will 
not yield under pressure, and if it does not yield, no pres- 
sure can be transmitted to the sides through the curve.” 

If this assumption is correct, is it not equally true chat 
if the mass does not yield under the applied pressure, no 
pressure would be transmitted in a vertical plane to the 
toe of the dam? The transmission of pressure to the baso 
of the dam from horizontal water pressures on the face, 
presupposes deformation of the structure, and if the crest 
be supported by an arch abutt'ng against the side walls, 
a portion of the pressure will be taken up by the re-~ 
sistance of the arch. 

Since the same principle of the transmission of force {3 
involved, whether the pressure is transmitted through the 
arch to the side walls, or in a vertical plane to the to of 
the dam, it is safe to assume that under normal condi- 
tions in an arch dam, a portion of the pressure will be 
transmitted to the side walls, and the balance to the toe 
of the dam, the amount of which will vary with the ten- 
sile or compressive strains in the arch arising from 
changes of temperature. 

If the upper portion of the dam be constructed during, 
a period of warm weather, the arch will be under ten- 
sion during the cooler portions of the year, and a large 
part of the pressure from the water will be transmitted to 
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the toe of the dam, whereas if the walls be constructed 
in cool weather, the arch will be under compression most 
of the time, and the water pressure will be transmitted 
directly to the side walls by the arch. 

It is therefore desirable that the upper portion of arch 
dams should be constructed during the season of the 
year when the temperature will average below the mean 
for the locality of the structure. Assuming that the 
nature of the masonry in a dam will permit it to act as an 
arch to only a limited extent, the structure becomes prac- 
tically an arch beam supported at each end, and without 
regard to weight, will be safe as long as the shearing 
stress produced by the horizontal pressure of the water 
is not sufficient to produce rupture of the dam section at 
the side walls. 

In most cases for arch dams of less than 600 ft. length 
on the crest, the cross-section of the structure necessary 
to keep the pressure on the foundation within safe limits, 
is ample to withstand the shearing stress from the water 
pressure, making the arch type of dam, for the same 
stability, much more economical than one of gravity 
section. 

In some experiments made during the construction of 
the St. Louis bridge, it was found that the magnesian 
limestone used in the piers had practically the same 
modulus of elasticity as that of wrought iron, viz: 15,000,- 
0008 to 20,000,000, and although no determination has 
yet been made of the elasticity ef the sandstone at the 
site of the Salt River dam, it is probable that the modulus 
is not much different from that found for magnesian lime- 
stone at St. Louis. 

In a dam of 2 ft. or less thickness at the top, and 
having elasticity equal to that of ordinary rocks or con- 
ereve, la.ge pe.:centage of the pressure of the water 
against the face of the dam will be transmitted directly to 
the side walls by the arch, and any such dam with suf- 
ficient cross-section to stand the shearing stress from 
walter pressuie on the face, will be absolucely safe, with- 
out taking into consideration the weight of the dam on 
the foundation. In other words, if such a dam was sup- 
posed to be supported entirely by water pressure from 
under the foundation, the structure would still be secure. 

The best construction for an arch dam is probably a 
wall having faces of first-class masonry with center fill- 
ing of concrete and large rock. An arch dam of such 
construction will consist practically of two concentric 
arches capable of withstanding heavy pressures, connected 
by a water-tight concrete core, or web, having a much 
lower moauius of elasticity—a condition well adapted to 
meet all of the requirements of the problem, and at the 
same time eliminate the necessity of molds and false 
works in placing the concrete in the structure. In cases 
of high dams of considerable length the use of railroad 
iron in the upper portion of the structure may be neces- 
sary to prevent temperature cracks. 

The internal stresses in a large body of masonry aris- 
ing from inequalities of its elasticity in its different parts, 
from unequal distribution of its own weight on its foun- 
dation, from compressive and tensile forces developed by 
changes of temperature in different parts of the structure, 
and from resistance to external pressures from wind, 
water and shocks, cannot be absolutely determined; but 
with a correct knowledge of the weight, strength, elas- 
ticity and expansion of the materials with which con- 
structed, the movement of the crest of the dam, for 
changes of temperature and water pressure, can be stated 
sufficiently near for determining the thickness of the dam 
and the radius of the horizontal section best adapted for 
distributing the stresses between the base of the dam and 
the side walle against which the structure abuts. In any 
arch dam the thrust in any horizontal section is equal to 
the pressure on a unit of surface multiplied by the length 
of the radius, and the compression which takes place in 
the arch is equal to twice the deflection into the tangent 
of one-fourth of the are covered by the section considered. 

The mid-channel section of the dam may be regarded as 
a vertical cantilever beam supported rigidly at its base, 
and composed of material of which the weight and modu- 
lus of elasticity are known. 

The application of pressure to the up stream edge of the 
section will cause a deformation of the structure and a 
slight movement of the crest down stream, which from the 
known nature of materials and design of construction, 
can be computed within reasonable limits. 

This movement of the crest corresponds with the deflec- 
tion in the horizontal arch, and the section instead of 
being a vertical cantilever beam becomes a beam rigidly 
fixed. at the base with its free end supported by an arch 
having a slight elasticity, and if the radius of the arch be 
propertly proportioned with regard to the height of the 
dam, the length of the crest, and the modulus of elas- 
ticity of the materials of construction, the stresses from 
the water pressure will be transmitted to both the base of 
the dam and the side walls,practically giving the structure 
more than twice the stability of a gravity section dam of 
the same dimensions. The height at which a dam may 
safely be built at any given location, does not depend so 
much on the water pressure to which it will be subjected, 
as upon the nature of the material of which constructed 
and the changes of temperature which will occur in the 
masonry. In a dam 260 ft. high and 500 ft. long on the 
crest, the tensile and compressive strains due to the 


ordinary range of temperature may be four times, or 
more, those arising from the water pressure with the 
reservoir full, and, in a straight dam, are liable to open 
the joints of the masonry, and in an arch dam, will cause 
compressive stresses in the masonry at the base and side 
walls as great as is safe to place on ordinary materials 
of construction. 

In the analysis of a recent structure, it is stated that 
precedents are of greater importance than theoretical 
analysis of the stresses in determining the safety of the 
dam.. The fact that a dam has not failed is by no means 
a safe indication that it has been correctly designed, and 
to follow such methods of construction, without original 
investigation of all the conditions involved in each case, 
is certain to bring the engineer to grief. 

While it is true that the earlier investigators in their 
endeavors to determine the laws governing the action of 
stresses in dams were obliged to make certain assump- 
tions, the facilities afforded the engineer of the present 
time for determining the strength and physical charac- 
teristics of all materials of construction largely eleminates 
such necessity. In case any problem should arise where 
certain general assumptions are necessary, it may be 
stated as a general principle that the nearer such assump- 
tions are made to the true conditions and facts, the more 
nearly will the results obtained conform to those which 
would result from an absolutely accurate determination 
of all the factors involved. 


THE PROPOSED UNDERGROUND MOVING PLATFORM 
ACROSS THE WILLIAMSBURG BRIDGE TO BAT- 
TERY PARK, NEW YORK CITY. 


Among the numerous plans proposed for trans- 
porting passengers across the three East River 
bridges now completed and under construction 
at New York City the most novel is the plan to 
run moving platforms across the bridges and 
through subways in Manhattan to suitable con- 
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Sketch Map Showing Route of Proposed Und2r- 
ground Moving Platform for Passenger Trans- 
portation Between the Williamsburg Bridge and 
Battery Park, New York City. 


nections with the present subway and elevated 
railways. Until recently this plan, although 
favorably mentioned by a number of prominent 
engineers, seemed to present no great likelihood 
of being seriously considered. Under the present 
laws all plans for transportation which involve 
underground construction in New York City must 
be reviewed and approved by the Board of Rapid 
Transit Railroad Commissioners. When, there- 
fore, a proposition was made some months ago to 
build a moving platform across the Williamsburg 
bridge and thence underground in Manhattan to 
Bowling Green it came before the Commissioners 
for review and was referred by them to their 
Chief Engineer, Mr. Wm. Barclay Parsons, M. 
Am. Soc, C. E. Recently Mr. Parsons made a re- 
port to the Commissioners on the proposition, and 
as a result of this report the Extensions Com- 


mittee of the Commission voted on Se; 
to recommend to the whole Board the 
a plan to build a subway for moving 
from the Williamsburg bridge termin. 
hattan to Battery Park. Before the 4 
struction is authorized the committee's 
have to be approved by the Commissi. ; 
passed by the Board of Aldermen anid 
of Estimate and Apportionment, and 
approved by the Appellate Divisiv; 
Supreme Court. This procedure ha\ 
carried out, bids open to all will have t., 
for the construction of the subway. 

The full details of the proposed eo 
are not yet available, but some of th 
features have been announced and can 
The route of the proposed subway is < 
the accompanying sketch map. As wil! ve 
it continues the bridge line along Delane 
the Bowery, and then follows the Bow:: 
Row and Nassau St. south to Broad § 
is bends east to South St., which is fo!) 
the Battery. As will be seen from the ; 
route is close to the main north and sout) 
of travel in lower Manhattan and passes ' 
the terminals of the new Manhattan and old 
Brooklyn bridges, so that when the tim: m 
they may readily be coupled with the n 
operating the Williamsburg bridge. At th. [rar- 
tery connection will be made with the f)ithy 
loop of the Rapid Transit Railway extens; py : 
Brooklyn. 

According to the published accounts th <yb- 
way will be constructed much like the r. 
Rapid Transit Railway work, so that in the oven: 
of the failure of the moving platform plan t) wor! 
satisfactorily it can be replaced with stan2ard 
double track and electrically operated trains like 
the remainder of the Rapid Transit line. For the 
moving platform the subway will be (divided 
longitudinally by an axial partition, on one side 
of which will be the uptown platform and «1 the 
other side the downtown platform. The plat- 
forms will probably have three stages, an! the 
last will be provided with cross-seats s ating 
three persons each and spaced 3 ft. apart. Eleo- 
tricity will be the motive power, and all cons:ruc- 
tion will be made fire-resisting so far as is prac- 
ticable. 


ites 


ELECTRIC MOTORS FOR CENTRIFUGAL PUMPS AND 
FANS.* 
By A. J. Bowie, Jr.,t Assoc. Am. Inst. Elec. E. 


The problem of determining the proper capacity of a 
motor for driving centrifugal pumps and fans, is not 
always easy to solve. The solution is too often the 


result of guess-work, and is liable to be seriously in error 
In the case of direct-acting pumps working against a 
known head, the proper motor capacity can be easily 


calculated. The most economical size of motor for the 
purchaser, however, may not be solely determined by th: 


possible loads, and their duration, which the motor may 
be called upon to carry. Particularly is this true where 
a flat rate system is in vogue and where power js pur- 


chased at a price depending upon the rating of the motor 
and not upon the power actually used. This syst«m of 
charging for power leads to great abuse in the underrat- 


ing of motors; on the other hand, it may work a ereat 
hardship on a purchaser of power who innocently t-es 4 
motor far larger than is necessary and pays for power 
that is not consumed. Several instances of the /atier 


have come under the writer’s observation, and the sy-tem 
in his opinion should be condemned. Where mes we- 
ments of power are taken as a basis for determining the 
flat rate, such measurements should be taken unde: the 
average running conditions. A variation in thes 
ditions may lead to a very erroneous system of charges 
in the case of centrifugal pumps and fans as will be -cen 
later. 

For centrifugal pumps and fans the power require! for 
operation at a rated speed and head is by no mea I 
that need be known, One should also know the max um 
load which can ever come on the motor when drivirs ‘he 
pump or fan at the rated speed and under any po- )'e 
head. This maximum may be far in excess of the gz 

The problem in case of centrifugal pumps and fa: 
be treated under the following three heads: (1) Co nt 
speed and varying heads; (2) changing speed wit) ad 
varying directly as the square of the speed; and, |: 
stant head and varying speed. 

1. CONSTANT SPEED.—The following treatme: p- 


“Slightly condensed from a paper presented befo he 
American Institute of Elgetrical Engineers, Sept. 25 

+Engineer, Electrical Department, Union Iron \\ “5, 
San Francisco, Cal. 
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equally well to centrifugal pumps and to centrifugal 
as the same laws govern the flow of water and air, 
pumps alone will be considered. Represent by H 
head generated by the pumps; this is equal to the 
rence between the discharge and suction pressures, 
me difference between the discharge and suction ve- 
» heads. Represent by Q the cubic feet of water dis- 
ged per minute. The general equation expressing 
relation between Q and H is, 
H = A—BQ+CQ, 
re A, B, and C are constants. This is the equation 
arabola, and it will approximately represent the 
b2 urves obtained in practice. Back- slippage though 
running wings of the pumps has not been taken into 
-unt in the above equation, and will account in part 
jiscrepancies between theoretical and actual results. 


ressure exerted by the pump is a maximum when 


rhe 


aH 
=v, 
aQ 
e, when 
Cc 
2BQ=C,orQ= Th 
erefore 
Cc? 
4B 


the maximum value. Let W = output of pump in 
catts. W=KHQ; K being a constant. 
= KQ (A — BQ? + CQ). 
rhis is a maximum when 


aw 
aQ 
when A — 3B Q?+2CQ=0, Then the maximum 


¢ 
°= 
orresponding to H = % A + % CQ. 
come pumps the constant C is so small that it may 
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Fig. 1. 


lower than that called for. The question may arise, 
why not give a pump the proper speed for a given head. 
This is frequently impracticable, since pumps must often 
be installed to work under widely varying heads, where it 
is not an easy matter to change the speeds. Oftentimes 
the heads at which the water must be elevated may vary 
practically from zero to the maximum head against which 
the pump will deliver. In some cases these overloads 
may be of long duration, and a sufficiently large motor 
should be installed. On the other hand, the maximum 
load will often be only of short duration, as for example 
in the case of pumping from a well, particularly where 
there is a pit in connection with it, which is partially 
filled up with water. Generally it will not take the pump 
long very decidedly to lower the water, and the duration 
of overload will be brief. 

The behavior of centrifugal pumps may be represented 
very completely by four curves. These curves are based 
upon an absolutely fixed speed. Corrections for varia- 
tions from this speed may be made without difficulty. 
These curves have, in each case, for abscisse, the vol- 
umes of the fluids delivered in a fixed time interval, while 
for ordinates they have respectively, head, watts input to 
pump, watts output from pump, and pump efficiency. 
The last two curves determine the proper rating of the 
pump. In general, the maximum efficiency occurs before 
arriving at the point of maximum output. The proper 
rating is somewhat indefinite, as will appear from the 
appended curves obtained in practice. The natural ten- 
dency of a manufacturer is to rate his pumps as high as 
possible. Still, he does not care to go far beyond the 
point of maximum efficiency at the full load rating. 

The accompanying curves (Figs. 1 and 2) show the re- 


500 
1300 
1100 
1000 
++—+++{90 900 
800 
| 70 700.0 
| 4 +450 500 
400 
200 
0-00 B00 100 2000 2400 
ENG.NEws. Cu.ft.per min. 
Fig. 2. 


FIGS. 1 AND 2. CHARACTERISTIC CURVES OF CENTRIFUGAL PUMPS; DIFFERENT RUNNERS 
IN SAME CASE. 


be disregarded. In this event the maximum head is ob- 
tained at zero discharge and is equal to A. The maximum 
output of the pump is obtained at a head of 2,A. The 
relative values of C and B determine the nature of the 
output curve of the pump and the maximum obtainable 
pressure. If B be fixed, the greater the value of C the 
greater will be the capacity of the pump. If C be fixed, 
the less the value of B the greater will be the pump ca- 
pacity. However, the relative values of C and B will 
have a very important bearing on the ratio between the 
maximum power required to run the pump, and the power 
required to run it at the point of highest efficiency, or 
at the point of maximum output. 


Cc 
The quantity —— is influenced largely by the angle 
B 


which the vanes of the pump make with the radius, at 
the external periphery, as well as by the width of the face 
of the runner. However, it is beyond the scope of this 
paper to enter into a discussion of the design of pumps, 
other than in a general way so as to show the effect of 
the design upon the maximum power required to drive 
the pump. Usually this power will increase as the 
effective head of the pump decreases. This would nat- 
urally be expected as long as the energy output of the 
pump is or the increase, but after the latter starts to de- 
crease it might be considered natural to look for a 
decrease of the driving power. However, when B is 
fixed, the smaller the value of C the less will be the ten- 
dency of the pump to require additional power to drive it 
at heads lower than its rated capacity, and the higher the 
value of C, the greater will this additional power become. 
When C is fixed, the reverse holds true for B 

A centrifugal pump. when operated at too low a head, 
shows a very low efficiency. In general, however, with a 
well-designed pump, the range of efficient operation for a 
constant speed {is fairly broad. The principle point which 
the writer wishes to bring out in this connection is the 
danger of overloading a motor through too low a head. A 
manufacturer will usually guarantee a certain efficiency 
and input for a pump at its rated load, but will say noth- 
ing concerning the power required to drive it at heads 


sults of tests on two fans with the same casing, but with 


Cc 
different runners. In the first set —— is smaller than 


in the second set. According to the curves, the first fan 
is of smaller capacity, but of higher efficiency than the 
second. Particularly noticeable is the curve of watts 
input, which in the first case shows a decided concavity 
towards the X axis, shortly after passing the maximum 
output of the pump, while in the second case the corre- 
sponding curve becomes slightly convexed towards the 
X axis, and requires far more power under low heads. 
Thus the ratio of maximum outputs is 1.15, and the ratio 
of maximum inputs, within the range of the tests, is 1.68. 
These fans represent by no means extreme conditions. In 
the case of the second fan, if it should be called upon to 
operate under the lowest head tested, and if it were rated 
at the point of maximum efficiency and a corresponding 
motor were installed, then this motor would be liable to 
an overload of 89%. 

2. HEAD VARYING AS THE SQUARE OF THE 
SPEED.—If a centrifugal pump delivers Q cubic feet of 
water per minute, against a pressure of H feet while run- 
ning at R revolutions per minute, then if the speed be 
altered to R, = KR, it will deliver Q; = K Q cubic feet 
per minute against a pressure H, = K?H feet. If W 
= watts output of pump in the first case, and I = watts 
input to pump, then W, = K* W, and I, = K*I. Thete 
equations follow from the proportionality between the 
head generated and the square of the speed, and because, 
when the volumetric output varies directly as the speed, 
the relative angles of motion of the water are not al- 
tered. Furthermore, all frictional losses vary as the 
cube of the speed, and all volumetric leakage losses vary 
as the speed. Hence it follows that increasing the speed 
of the runner, where the effective head varies as the 
square of the speed, will result in increasing the capacity 
of the pump directly as the speed, and increasing the 
power input and output directly as the cube of the speed. 
The conditions presupposed in this case, namely that the 
head varies as the square of the speed, is the condition 
which exists in the case of ventilating fans, where the 


head is used up in friction in the pipe, and in the velocity 
head of discharge from the pipe This velocity head. and 
also the friction head vary as the square of the discharge 
from the pipe. 

What concerns the motor capacity particularly is the 
fact that the power varies directly as the cube of the 
speed. Hence the I? R loss in the armature varies as the 
sixth power of the speed. 


3. CONSTANT HEAD.—This is the condition which ex- 


ists when pumping against a fixed lift, when the velocity 
heads lost at entrance and discharge and the frictional 
losses in the pipe may be disregarded in comparison with 


the lift. 

In this case, and likewise in case 2, the 
curves of a pump under variation of speed can be ob- 
tained from those at another speed by multiplying the 
quantities discharged by the ratio, K, of the speeds, the 
pressures by K*, and the watts input and output by K°*. 
The efficiencies remain the same (If the head remains 
constant, as assumed for case 3, the preceding statement 
is evidently not true for pressures and watts, 
clusions of the following paragraph are 
Ed.) 

It is evident that the apparatus of case 3 will operate at 
a point situated further along on the curves than that of 


characteristic 


and the con- 
also invalidated 


case 2; the result being a greater delivery of water, and, 
usually, a greater input to the pump. In general this in 
put will vary faster than the cube, and not as fast as the 
fourth power of the speed. As an approximation say as 


the 314 power of the speed. This makes the I? R loss in 
the armature vary as the seventh power of the speed 
Thus 10% increase in speed represents 40°% increase in 
power and 06% increase in the 1* R loss in the armature. 
From this it may be seen what an extremely large effect 
speed variation has on motors driving centrifugal appa 
ratus. There is perhaps no other form of apparatus so 
sensitive to change of speed in its power consumption. 
The effect which a steady pump load has in holding the 
voltage constant by preventing the 
is thus explained. 


racing of generators 
If centrifugal apparatus be provided 
with induction or synchronous motors then the speed 
practically fixed by that of the prime mover so that the 
maximum load for the motor with a given pump or fan 
is determined. Speed control of direct-current motors 
by variation of field resistance has a limited range in 
practice and has many points which tend to make 


it ob- 
jectionable for the best conditions of commutation. Even 
at best there will be considerable fleld distortion at the 


high speeds. The effect of a load which would increase 
as the cube of the speed, and even faster would seem to 
limit still further the allowable speed variation to be 
obtained in this manner. In view of these facts it is well 
to provide a motor of ample size for such work and at the 
same time to see that the fleld rheostat cannot cut in 
much resistance as to overload the motor. 
shown, the volumetric 
varies 


£0 
As has been 
output of a centrifugal pump 
directly as the speed of revolution. In spite of 
this fact, many manufacturers rate their pumps at a fixed 
volumetric output, and publish a list of suitable speeds 
for different heads under which it may be des 
operate the pump. In some cases the 
given in these lists is three or more times as great as-the 
lowest speed. Such misinformation leads to a great deal 
of trouble and cannot be too strongly condemned. 

In regard to the statement previously made, that the 
efficiencies of pumps and fans were independent of the 
speed, proper changes being made for head and discharge, 
no consideration was taken to the effect of unbalance of 
the runner or of bearing or stuffing-box friction. These, 
of course, would modify the results obtained. Lack of 
proper running balance is very apt to cause serious loss 
of power. 


sired to 
highest speed 


REPAIRS OF SUBMARINE WATER PIPES * 
By Thos. R. Cook.+ 

My experience in this work while not extensive, has 
been quite varied. I have observed that the contempla- 
tion of a perplexing or apparently difficult job, is more 
harrowing to one's nerves than the actual doing of the 
work. 

We have in our city two 30 and two i6-in. force mains 
under water. The two former but a short distance, one 
of the latter for about 1,600 ft., all from 18 to 30 ft. 
below average stage of water. 

When you have but one force main supplying any con- 
siderable portion of your city, it is imperative, of course, 
that you have it shut off as short a time as possible and 
often it is possible that you can make temporary repairs 
until such time as you can get your patterns and castings 
out to make a permanent job. The first difficulty of any 
moment you will encounter is remoting the earth from 
on top and around your pipe so that you can get at it, 
and it generally saves time in the end to do this job 
thoroughly and well, so that you will have plenty of 
room. I find the best method for doing this work Is to 
employ a so-called ‘‘sand-sucker,"’ if one can be procured, 
which in our locality we have no difficulty in doing, which 


*Abstract of a paper read before the central States 
Water-Works Association, September, 1903 
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with their 10-in. suction pipe and large centrifugal pumps 
do the required work very quickly. 

Small leaks in joints can often be stopped by driving 
in copper wedges; also tea lead that can be calked cold. 
Where the pipe is worn through by sand, a half sleeve can 
be applied. 

The diver should use great care in calipering the pipe at 
both ends of where a sleeve will be placed. If there are 
lumps or rough spots on these ends they should be chipped 
off with a cold chisel. The flanged half sleeves shou'd 
have holes drilled about %-in. deep and 3% ins. from the 
end of sleeve, to hold the lead in when the sleeve is 
poured. When the sleeve is on the planer a groove should 
be cut in the lower flange—say %-in. at the top and tap- 
ered to %-in. at the bottom of the groove. The top flange 
should be fitted with a corresponding boss so that it will 
fit into the groove. This should be between the bolt holes 
and .the inside of the flange. This not only secures a 
better joint, but it enables the diver to place the castings 
in their proper positions more readily. 

When the sleeve is prepared select a piece of pipe that 
is just the diameter of your submerged pipe, clamp the 
sleeve on and pour the joints, being careful to put shims 
between the castings to keep them apart the thickness of 
the lead gaskets, which is known as 6 or 8-lb. lead. Then 
take a key-hole saw and saw your lead apart between the 
flanges, the shims that you have previously put in giving 
you plenty of room for this purpose. Then take your “ast- 
ing off and you have it all ready for the diver to put on 
your submerged pipe. In large-sized pipe an eye-boit 
should be tapped in at both ends of the top casting. to 
make fast to when the casting is lowered into position. 
After the bottom casting is lowered and placed under the 
pipe, it should be blocked up to the pipe firmly, the top 
casting lowered, bolts put in and screwed up firmly and 
then all that remains to be done is to calk the lead in the 
ends of sleeve. 

I recently applied a sleeve to a 16-in. pipe that covered 
a ball joint in the pipe. The sleeve was 42 ins. long and 
weighed something over a ton. 


PIPE FUR A SUBMARINE MAIN. 


At the annual meeting of the Western Gas As- 
sociation, Mr. J. A. Mayers, of New York, de- 
scribed a pipe joint used by him in laying a 12 in, 
main aercss a river, and which proved tight un- 


Pipe Joint for Submarine Main. 
J. A. Mayers, New York, Designer. 


der 200 lbs. pressure. This device is shown in the 
accompanying cut. It is essentially a cast-iron 
screw sleeve coupling, with a rubber gasket at 
each end. In the cut, AA, are the two lengths of 
pipe, B is a wrought iron threaded sleeve coupling 
cast in the cast-iron sleeve C. The space D D be- 
tween the sleeve and the pipe is filled with lead, 
and the rubber gaskets E E are drawn into place 
by bolting up the end rings F F, thus compressing 
the gaskets against the sleeve, the lead and the 
pipe. 

A LOW-GRADE CUT-OFF RAILWAY CONNECTION is 
being built by the Atchison, Topeka & Santa Fe Ry. to 
facilitate trade on its line to the Pacifiic coast. The pres- 
ent line runs west from Kansas City across Kansas and as 
far as La Junta, Colo., then turning south to Albuquerque, 
N. Mex., where one main line runs west to the Pacific 
and another goes south to El Paso, to connect with the 
Mexican Central Ry. A diagonal line runs southwest 
across Kansas, Oklahoma and Texas, extending south to 
Pecos City. The section of line between La Junta and 
Albuquerque is difficult and expensive to operate, as it 
reaches elevations of 7,607 ft. and 7,421 ft. at Raton and 
Glorieta, with grades of 184.8 ft. and 158.4 ft. per mile, 
respectively. It has now been decided to build a line 
east from the Pacific coast line, starting 30 miles south of 
Albuquerque and extending eastward through the Abo 
pass to a point near Texico, on the Kansas City & Pecos 
line. This cut-off will be about 260 miles long, with max- 
imum grades of 31.68 ft. per mile, except for about 25 
miles near the summit, where the grade will be 66 ft. per 
nile. 


THE ELIMINATION OF GRADE CROSSINGS has been 
one of the features of the work of reducing grades and 
making other improvements on the Norfolk & Western 


Ry. The annual report states that numerous grade cross- 
ings of highways have been abolished, and that arrange- 
ments have been made with electric railways by which 
several grade crossings were avoided. 


+ 


LARGE COAL CARS are gradually coming into use on 
English railways in spite of frequent statements to the 
effect that the old cars of 8 and 10 tons capacity are best 
suited to British railway conditions. Several railways are 
using 15 and 20-ton cars and a few are using 40-ton cars, 
especially for hauling coal direct from coal mines to 
shipping ports. The Northeastern Ry. uses 40-ton cars 
for this class of service and 20-ton cars for general use. 
The Great Eastern Ry. has also built at its shops 100 coal 
cars of 20 tons capacity, of steel construction throughout. 
These were designed by Mr. James Holden, Locomotive 
Superintendent. They are 21 ft. 6 ins. long, 8 ft. 2 ins. 
wide and 4 ft. 7 ins. deep, with a cubic capacity of 800 
cu. ft. The car is mounted on four 36-in. wheels, with 
12-ft. wheelbase; and the journals are 5 x 13 ins., with 
a plate spring over each axle box. The side and end 
plates are 3-16-in. thick, and the floor plates %4-in. thick. 
The net weight is 8% tons as compared with 6% tons for 
the cars of 10 tons capacity; and a train of 20 cars of 
20 tons capacity is only 493 ft. 4 ins. long, as compared 
with 726 ft. 8 ins. for a train of 40 cars of 10 tons ca- 
pacity, both trains carrying the same weight of coal. The 
dead load is 29% and the paying load 71% of the gross 
weight. The Furness Ry. is building 20-ton hopper cars 
for the ore traffic, to replace old G-ton cars. 


A FOUR-CYLINDER BALANCED COMPOUND LOCO- 
motive is now being tried on the Atchison, Topeka & Santa 
Fe Ry. It is a passenger engine of the Atlantic type, 
with wide firebox over the frames. The high-pressure cyl- 
inders are under the smokebox. and drive a 10-in. crank 
axle with 10-in. crank pins, the journals being 8% x 10 
ins. The crank cheeks are 4 ins. apart, 5 ins. thick and 
approximately rectangular, 20x 25 ins. The low-pressure 
cylinders are outside, and drive the wheels on the same 
axle. The engine was built by the Baldwin Locomotive 
Works, and its general dimensions are as follows: 


Wheels, 6 ft. 1 in. 
Wheelbase, driving. 6“ 4 ins. 
Wheelbase, total .......... ° 

Weight on driving wheels ...... 4 
Weight, total, engine 193.760 ** 


We'ght, engine and tender 348,000 
Cylinders, b.-p. (2) 15x 26 ins. 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was the derailment of a fast mail train on the 
Southern Ry. at Danville, Va., on Sept. 27. The train 
left the rails while running around a sharp curve at high 
speed, just at the beginning of a high trestle over a creek; 
the entire train was destroyed by its fall into the valley, 
and nine of the sixteen persons on board were killed out- 
right. The first report was that the accident occurred 
on the trestle; a statement issued by Mr. W. W. Finley, 
Vice-President of the Southern Ry., corrects this and 
states the facts as known up to the present: 

The train jumped the track about 40 ft. north of the 
trestle on sound track, in good line and surface and proper 
gage. The trestle was in first-class condition and was 
so well braced that the engine and train falling on the 
outside of the curve knocked down the outside posts and 
left the others standing. Eye-witnesses report that the 
train was approaching the trestle at a rate of speed of 30 
to 35 miles an hour. The cause of the accident is being 
investigated. 

The trestle was repaired and was again in service on the 
morning following the accident. Another unusual ac- 
cident occurred on the same railway a few days before. 
Two freight trains collided at a crossing at Boone, near 
Portsmouth, Va., on Sept. 21, killing one man. It ap- 
pears that the crossing was provided with interlocked 
signals, but it is claimed that the signals were thrown 
while the first train was on the crossing.——A crossing ac- 
cident, in which an electric car figures, is reported from 
Marion, Ind. An interurban car ran into a train on the 
Cleveland, Cincinnati, Chicago & St. Louis Ry. on Sept. 
24; several persons were killed in the wreck. 


THE TURBINE STEAMER “BRIGHTON,” built for 
the Newhaven and Dieppe channel service of the Western 
Ry., of France, and the London, Brighton & South Coast 
Ry., of England, has just been put in service. It is very 
similar to the ‘‘Arundel,’’ which has been in service for 
some months, but certain improvements have been in- 
troduced. It is 282 ft. long and 34 ft. beam. There are 
three sets of Parsons steam turbines, steam at 160 Ibs. 
pressure being furnished by Scotch marine boilers. Under 
ordinary conditions the shaft of the one high-pressure 
turbine will make 520 revolutions per minute, and the 
shafts of the two low-pressure turbines will make 600 
revolutions. The former has a screw of 5 ft. 6 ins. diame- 
ter and 6 ft. pitch; the latter has screws of 5 ft. 7% ins. 
diameter and slightly less pitch. With these speeds the 
vessel makes about 21% knots. In handling the steamer at 


Vol. N 14, 
the docks, etc., the central shaft is not driven 1 th 
side shafts are used like twin screws to ass — 
ing. The vessel was built by Denny & Bro. 
barton, Scotland. —_ 

A TRIPLE CASCADE will be one of the ; ‘ 
tures of the St. Louis Exposition. About 90 , we 
of water per minute will be pumped under —— 
159 ft. by means of three 36-in. single-stage 
trifugal Worthington pumps, each driven by 1%). ma 
Westinghouse alternating-current motor. The 
be taken from and discharge into the grand ba ‘= 

A WATER PURIFICATION PLANT FOR UN 
town, O., has been recommended by Mr. Geo m, re 
Assoc. M. Am. Soc. C. E., of Hering & Fuller, > yy.” 
City. Small settling and clear water basins 1 "7 
chanical filters, the latter with a daily capac: of ro 
000,000 gallons, are proposed, and the Mahon a 
would be continued as the source of supply, tine 
mated cost of the works, as just outlined, js ee 
Later on, more storage capacity for clear water a 
required, and also large storage reservoirs for re be 
water. The city, Mr. Fuller states, has a low a 
death rate, but the mortality from typho!d fey; fap. 
high. It is estimated that not more than half phe, 
lation of Youngstown now receives city water My 
records show that the present total average ‘ly 
sumption is a little less than 3,500,000 gallons for ; 
population of about 60,000. —— 


her min. 
ing districts of Seward Peninsula to operate the hydraulic 


placer plants there. Water in great volume and with 
falls of 700 to 1,800 ft. is said to be available, and two 


engineering parties are in the field making the necessar 
surveys. 


CIVIL SERVICE EXAMINATIONS will be held on Oct 
21° by the United States Civil Service Commission oes 
eligibles to fill the following positions: Aid and deck of- 
ficer, U. S. Geodetic Survey; computer, U. S. Geodetic 
Survey; engineer draftsman, Supervising Architect's office 
The salaries attached to these positions at the start oe 
$750, $1,000 and $1,400. Those wishing to take the Geodetic 
Survey examinations should apply to the Civil Service 
Commission, Washington, D. C., for the Manual of Ex- 
aminations and blank form of application, and those 
wishing to take the examination for engineer draftsman 
should apply to the same body for application form 1312. 


> 


A DEVICE FOR MEASURING CONCRETE materials 
and for feeding them from hoppers into the concrete 
mixer has been put upon the market by Frank B. Gil- 
breth, 176 Federal St., Boston, Mass. The essential feat- 
ure of the device is a drum that is revolved by hand, and 
by its revolution carries away from the hoppers holding 
cement, sand and stone a definite amount of each of these 
materials. This drum virtually forms the bottom of the 
chutes leading from each of the hoppers. One man operat- 
ing this drum is said to be able to feed the materials 
faster than any existing plant can handle them. A gravity 
concrete mixer fed by one of these Gilbreth feeders is 
now in successful operation on the new works of the 
Columbian Cordage Co., at Auburn, N. Y. 
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BALL-BEARINGS FOR STREET-CAR MOTORS have 
been tried in Berlin, Germany, with satisfactory re-ults. 
The first’ motors equipped with ball-bearings were put into 
use in 1901. Some 100 such motors are in service at 
present, generally on cars whose axle-bearings are also 
of the ball type. The Bremen street railway has also 
had some of its cars fitted with ball-bearing motors. The 
principal advantage of ball motor-shaft bearings over 
plain bearings is the saving in oil, the decrease in shop- 
time for relining bearings, and the reduction of risk of 
the armature coming into contact with the pole-shoes. 


* 
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STEEL PLATES RENDERED BRITTLE BY COLD 
were described before the Hamburg (Germany) Society of . 
Engineers by Mr. L. Benjamin. A steel lighter-vessel 
which had seen 10 or 12 years of service was towed with 
a fleet of barges through a thick field of ice in very cold 
weather. The lighter was battered so severely that 
it had to be docked, a number of broken plates replaced 
and others straightened. In this work it was found ‘hat 
many of the plates were extremely brittle and showed in- 
dications of strong internal stresses, so that when struck 
a sharp blow with the hammer several of the plates 
cracked. Test-pieces cut from the iron showed a hard 
material having a very coarse granular fracture; the 
material was so poor, in fact, that it could not hve been 
punched and riveted in that condition. As the plate: had 
been in service for many years and had become much 
battered and dented during that time without any crecks 
appearing, it was thought that the dangerous cond tion 
of the metal was produced by the shocks and vibration ©x- 
perienced during extreme cold. 
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